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The results presented in this thesis are my own work 
HAZEL SMITH 
ABSTRACT 
The adult abdominal epidermis of higher Diptera arises from small nests of 
diploid "histoblast" cells at specific dorsal and ventral locations in each 
hemisegment. These nests show little sign of proliferative growth during larval 
life but remain an active, cuticle-secreting part of the abdominal epidermis. 
Following pupariation the histoblasts begin to divide rapidly and spread out, 
progressively replacing 'the polytene larval cells around them. The nests fuse 
and eventually form a continuous sheet of imaginal cells, which differentiate to 
secrete the adult abdominal cuticle. 
This study uses a combination of microsurgical experiments and histological 
observation to study histoblast nest development in the large flesh fly 
Sarcophaga'agiyostoma Observations of the pattern of nest outgrowth in each 
hemisegment are used to identify the adult structures produced by the dorsal 
and the ventral histoblast nests and extirpation experiments show that 
adjacent nests growing to replace their extirpated neighbours; not only 
produce larger versions of structures they normally give rise to, but also 
regenerate structures typical of the extirpated nest. 
The hypothesis that histoblast development is directed by positional 
instruction from the larval cells encountered during nest, outgrowth is shown. 
to be inconsistent with the results of grafting nests into ectopic locations or 
of extirpating sections of the larval epidermis. Grafted nests produce 
structures typical of their origin regardless of their position in the host, and 
larval cell extirpations do not cause corresponding deletions in the adult 
pattern. Larval cell extirpations which delay nest fusion often result in pattern 
duplications. Both this and the regeneration observed following histoblast 
nest extirpations, indicate that pattern generation within each nest is normally 
terminated in response to interactions with its neighbours after fusion. 
Extirpations of the intersegmental larval epidermis adjacent to the histoblast 
nests results in deletion-duplications of the adult pattern, very similar to the 
previously described effects .of abdominal microcautery in Drosophila larvae or 
embryos. The results of strip extirpations designed to test alternative 
interpretations of these effects indicate that in Sarcophaga they result from 
shortest-route intercalary regeneration by histoblasts confronted with cells 
from different levels in the anterior-posterior axis of the segment pattern. 
Finally, systematic investigation of one striking side-effect of extirpations, 
demonstrates that wounding the larval epidermis affects bristle production in 
nearby histoblast nests and, depending on the distance between the wound 
and the nest, causes an increased or a decreased number of macrochaetae to 
be produced. 
The overall implications of these experimental results are discussed with 
respect to models of pattern formation and growth control in the abdominal 
segments of other insects and in the imaginal discs which produce the rest of 
the adult epidermis in Diptera. 
Chapter 1 
Introduction 
The mechanisms by which the cells of developing multicellular organisms 
come to be organised into complex Vet reproducible patterns is one of the 
fundamental problems of modern biology. Several features of the insect 
integument make it ideally suited to the study of pattern development. Over 
many areas the epidermis consists of a simple unfolded epithelium, which can 
be observed in whole mounts as well as in sections. Each epidermal cell 
secretes a small discrete area of the overlying cuticle and in the larval and 
adult stages of many insects the distribution of various specialised cuticular 
structures forms a clearly defined spatial pattern. The mechanisms by which 
insect epidermal cells become specified to differentiate the cuticular structures 
appropriate to their location have been investigated by analysing the effects of 
surgical manipulations or genetic mutations on the cuticle pattern. 
This study will investigate the post-embryonic development of the abdominal 
segments in higher Diptera. Before describing the particular problems involved 
in the development of this system, I will first discuss mechanisms of 
intrasegmental pattern formation -that have been--suggested by the surgical and - - 
genetic analysis of this process in other insects. 
Cell interactions and segment organisation in hemimetabolous insects 
In insects the body is constructed from an anterior-posterior sequence of 
similar units or segments, which are established early in embryogenesis. The 
post-embryonic regulation of pattern development within each segment has 
been studied in surgical experiments on hemimetabolous insects involving the 
excision, translocation or rotation of pieces of larval integument. The larval 
and/or adult stages of these insects display two distinct pattern features. In 
many species the uniform orientation of polarised cuticular. structures such as 
scales or sensory bristles constitutes a polarity pattern while in some species 
specific sequences of distinctly differentiated cells form a differentiation 
pattern An example of the latter is found in the transverse bands of red and 
white pigmented cells in the abdominal sternites of the cotton bug Dysdercus 
[Nübler-Jung, 19741. Polarity and differentiation patterns are normally closely 
co-ordinated but it has proved possible to uncouple them through the local 
application of colchicine, a drug which affects the cytoskeleton [Nübler-Jung & 
Grau, 19871. 
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In insects in which the polarity pattern consists of posteriorly orientated 
scales or bristles, 1800  rotations of pieces of larval integument [Piepho, 19551, 
or disruptions of the intersegmental membrane [Lawrence, 19661, which 
confront cells from anterior and posterior locations in the same or in adjacent 
segments result in characteristic centripetal distortions of the pattern [Fig. 
1.1a]. In a more systematic study of the effects of grafting experiments Locke 
[1959] demonstrated that both 180 0 rotations and transplantations between 
different anterior-posterior levels in the segment caused centripetal distortions 
in the pattern of transverse cuticular ripples found in the adult abdominal 
segments of the bug Rhodnius [Fig. 1.1b]. Transplanting squares of larval 
integument from side to side within a segment or between equivalent 
positions in different segments had, however, no effects on ripple orientation. 
These results lead Stumpf [1965a,b; 19661 and Lawrence [1966] to 
propose that the orientation of polarised structures in insect 
segments follows either the slope or, in the case of transversely orientated 
structures, the contours of a segmentally repeated monotonic gradient in the 
concentration of some diffusible substance or morphogen. According to this 
model the surgical juxtaposition of anterior and posterior cells creates 
discontinuities in the gradient profile which are smoothed out by diffusion and 
the new profile thus created is reflected in the polarity pattern [Fig. 1.1d]. The 
graded distribution of morphogen within each segment also results in each 
point along the anterior-posterior axis being associated with a unique 
concentration of the substance. This property of the gradient could give cells 
information about their relative positions in the segment. Cells' intrinsic 
records of this information [positional value] could then be used in 
determining their fates [Wolpert, 19691. The pupal and adult stage of the moth 
Ga//er/a show a differentiation pattern in the production of a narrow transverse 
• ridge in the middle of certain segments. Stumpf [1967] showed that 180 0 
rotation of presumptive ridge area in the larva leads to ectopic ridge 
production exactly as predicted from the repetition of the appropriate 
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Figure 1.1 
The effect of 1800 degree rotation of a piece of integument within a larval 
segment upon: (a) the scale pattern of adult Gal/err/a [after Piepho, 19551; 
arrows indicate the orientation of scales after the operation and scales are 
normally orientated posteriorly; (b) the ripple pattern of adult Rhodnius [after 
Locke, 19591; ripples are normally aligned parallel to the transverse axis of the. 
segment; (c) the development of a single transverse ridge in abdominal 
segment 6 of pupal Ga//er/a [after Stumpf, 1967]; the normal position of the 
ridge lies between the two arrows. These patterns can be interpreted in terms 
of an anterior to posterior concentration gradient as shown In (d). The 
discontinuity introduced into the gradient profile by the 180 0 rotation is 
smoothed by diffusion and in subsequent instars pattern elements are formed 
according to the new profile of the gradient. 
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The mechanisms by which an anterior-posterior gradient of a diffusible 
morphogen might be established and maintained in the segments of larval and 
adult insects are reviewed by Lawrence [1973]. All such models, however, 
assume that transplanted cells remain in their new positions and become 
reprogrammed in situ according to the local concentration or the direction of 
the gradient of morphogen [morphallactic regulation]. It is, however equally 
possible that grafted cells tend to move back to their original positions or, 
when this is not possible, to fill the gap created between transplant and host 
positional values by local division and intercalary regeneration [epimorphic 
regulation]. 
The experiments of Bohn [1974], Lawrence [1974] and Nubler-Jung [1974] 
demonstrated that pattern regulation in 900  rotated grafts is almost entirely 
due to cell movements and the derotation of the entire graft, which they were 
able to detect either by using genetically marked strip grafts or by following 
the graft's orientation throughout the moulting cycle in an insect [Dysdercus] 
with a transparent cuticle. - Evidence that the juxtaposition of cells from 
different levels in the segment stimulates the local cell division required-by an 
epimorphic model of pattern regulation has recently been described by 
Campbell [1987a], who investigated the effects on cell behaviour after wound 
healing in stained whole mounts of the epidermis. Both cell movements and 
intercalary regeneration involve nearest-neighbour interactions and are 
therefore probably governed by cell surface properties such as adhesiveness, 
rather than the intracellular concentration of a diffusible morphogen. 
Gradient models of the organisation of positional information can be applied to 
the distribution of surface properties as well as of morphogen concentration. 
For example, Nubler-Jung [1977] describes evidence for an anterior-posterior 
gradient of cell adhesiveness in the abdominal segments of Dysdercus 
Whatever their physical basis, gradient models assume, by definition, that a 
sudden change in in positional value occurs at the segment border. As 
discontinuities cannot be recreated by any mechanism for replacing 
intermediate positional values [such as those discussed above], it therefore 
follows that, according to a gradient model, border pattern elements cannot be 
regenerated. However, in an elegant series of extirpation experiments on the 
milkweed bug Oncope/tus, Wright & Lawrence [1981a] have demonstrated that 
non-border cells will regenerate a new or an ectopic border when juxtaposed 
61 
with cells from a sufficiently different position in the anterior-posterior axis of 
the segment [Fig. 1.21. They therefore proposed that the abdominal pattern was 
specified by a Continuous repeating series of positional values, each complete 
series being equivalent to a segment. Intercalary regeneration, according to 
= - this- hypothesis, simply follows the "shortest route" [French et al, 19761, 
removing discontinuities by inserting the shortest possible sequence of 
intervening values [Fig. 1.2d-el. This model predicts that since there are no 
discontinuities at the segment borders, cell behaviour during border 
• regeneration should be no different from that observed during the 
regeneration of other pattern elements. Campbell & Shelton [1987], however, 
found that extensive cell division and elongation took place following the 
removal and subsequent reformation of the segment border, although no such 
• response to the extirpation of an equivalent area within the segment could be 
detected. If all cell division following wound healing reflects the intercalation 
of new positional values, then either positional values are very closely 
clustered in the intersegmental region or the special properties of border cells 
enable them to isolate cell populations with very different positional 
values so that border regeneration rapidly removes the instability created by 
the surgical juxtaposition of anterior and posterior segment regions. In many 
insects the cells forming the segment border have been shown to exhibit 
special physiological or developmental properties. The .results of 
transplantation experiments in Galleria and Dvsdercus  indicate that border cells 
have more dramatic and far reaching effects on the specification and 
orientation of their neighbours than cells from other parts of the segment 
[Piepho & Marcus, 1957; Nubler-Jung, 19791 and in Oncope/tus border cells 
have a reduced junctional permeability [Blennerhasset & Caverey, 19841 and all 
borders, including those regenerated in response to surgery, are associated 
with lineage restrictions [Wright & Lawrence, 1981b]. V 
Genetic analysis of intrasegmental patterning in Drosophila embryos 
The fruit fly Drosophila Ine/anogaster has been used in genetic experiments 
since 1909. An enormous number of mutants have since been identified, some 
of which appear to affect genes involved in intrasegmental pattern formation. 
Mutations which affect basic patterning processes are often associated with 
early lethality, so recent work has concentrated on the analysis of effects on 
embryonic development and the larval cuticular pattern. 
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(a) to (c) show the excision experiments of Wright and Lawrence (1981a]. 
Operations were performed on 3rd instar larvae of Oncopeltus and the 
resulting pattern examined in the 5th. Abdominal segments are labelled II, Ill 
and IV and excised tissue cross-hatched. (a) Excision of less than a 
half-egment length of tissue from the middle of a segment or across a 
border was followed by the reformation of the normal pattern. (b) Excision of 
ngth across a border lead to the formation of a single 
ent of normal size. (c) Following the excision of more than 
one segment length of tissue an ectopic border was formed. 
re explained in terms of intercalary regeneration as illustrated 
(ad from Wright & Lawrence, 1981a]. The positional values 
are represented as a graded series, 10 to 0, and the border 
lue 0/10. (d) the excision of a narrow strip of cuticle across 
in operation (a)] removes positional values 1, 0/10 and 9 
nfronts value 2 of segment Ill with value 8 of IV. Intercalary 
ores the values removed and the border is reformed. (e) The 
cuticle from within the segment [as in operation (c)] 
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)ut replaced by the shorter sequence of 1, 1/10 and 
of an ectopic border (in reversed orientation]. 
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A number of loci have been identified which cause similar pattern alterations 
in each embryonic segment [NUsslein-Voihard & Wieschaus, 1980; Perrimon & 
Mahowald, 1987; Grau & Simpson, 1987]. In wild-type embryos the most 
obvious features of the segmental pattern are the ventral bands of posteriorly 
orientated denticles in the anterior third of each segment. In the most 
common segment polarity phenotype the naked cuticle between the denticle 
belts is deleted and replaced by a mirror image duplication of the denticle 
pattern [Nüsslein-Vol;hard & Wieschaus, 19801. In extreme versions of this 
phenotype such as that shown by null mutants of wingless [wg] the deleted 
area includes the segment border, and the denticle belts of adjacent segments 
are fused together [Baker, 19681. Studies on the effects of these mutations in 
genetic mosaics indicate that the functions of armadillo and [possibly] fused 
are required autonomously by these cells whose fate is affected, whereas cells 
mutant for wg hedgehog and gooseberry can be rescued by the wild-type 
function of their neighbours [Gergen & Wieschaus, 1986; Wieschaus & 
Riggleman, 19871. Other segment polarity mutants cause deletion-duplications 
in the middle or the anterior regions of segments. In patched and costal 2 
mutants the middle third of each segment is replaced by a mirror-image of 
more anterior structures including the segment border [Nüsslein-Volhard & 
Wieschaus, 1980; Grau & Simpson, 19871, while in naked; embryos the anterior 
denticle belts are deleted although as naked cuticle shows no overt polarity, it 
is not clear whether any duplication of the posterior or middle regions of the 
segments has taken place [NUsslein-Volhard et al, 19841. 
Some of the genes of the segment polarity class have been cloned and shown 
to be expressed in restricted homologous domains in every metamere. The 
exact location of this domain depends on the gene. Thus wg transcripts 
accumulate in a narrow band of cells just anterior to the parasegmental 
grooves in the middle of each segment [Baker, 1987 j. The expression of the 
engralled [e,J locus has also been shown to form a segmentally repeating 
pattern, being restricted to a band of cells just posterior to the parasegmental 
grooves [Ingham et al, 19851. Although mutants of this gene do not have a 
typical segment polarity phenotype the effects of mutations on both adult and 
embryonic development are consistent with an involvement in intrasegmental 
pattern formation [Lawrence & Struhl, 1982; Kornberg, 1981a]. 
E. 
The non-autonomous requirements for some of the segment polarity genes 
may reflect their cellular functions. Analysis of wg coding sequences indicates 
that this gene produces a growth factor related protein which could act as a 
signal in cell communication [Cabrera et al, 19871. One possible target of wg 
activity is the adjacent band of en expressing cells: in wg null mutants en 
expression is initiated normally but decays prematurely after germ band 
extension [DiNardo et al, 19881. Strong alleles of armadillo, hedgehog, fused 
and dishevelled similarly lead to the loss of en expression [DiNardo et al, 1988; 
Perrimon & Mahowald, 19871. These genes also affect the same region of the 
cuticle pattern as wg and it therefore has been suggested that their wild-type 
products may be involved in transducing a cell signal encoded by wg [DiNardo 
et al, 19881. 
The deletion-duplications observed in segment polarity mutants are formally 
identical to the patterns produced by intercalary regeneration in response to 
ablations of over half a segment in width in OncOpeltus [Wright & Lawrence, 
1981a]. Martinez-Arias et al [19881 have proposed that regulatory interactions 
between neighbouring domains of different segment polarity gene expression 
represent a molecular correlate of intercalation. In mutants of naked, ectopic 
bands of wg expressing cells appear next to expanded en domains, while in 
patched mutants the wg domains expand and induce ectopic en expression 
[Fig. 1.31. Ectopic en expression cannot, however, entirely account for the 
cuticular pattern duplications observed in patched mutants as en patched 
double mutants still produce some duplicated structures [DiNardo et al,19881. 
The reciprocal effects of en mutations on patched expression and of wg 
mutations on naked expression could not be assessed using the available 
probes for gene activity but, as described above, the absence of wg function 
leads to the premature decay of epidermal en expression and the absence of 
en was similarly found to result in the loss of wg expression [Martinez-Arias 
et al, 19881. Thus, although these results clearly indicate that segment polarity 
gene activity can affect the expression of other segment polarity genes in 
neighbouring cells, not all the effects can be described in terms of the 
intercalation of intermediate positional values in response to a discontinuity. 
Deletion-duplication in the 4-8 cell wide segments of a Drosophila embryo 
may also involve a quite different molecular mechanism to that which gives 
rise to the phenomenon of intercalary regeneration in the larval segments of 
relatively large hemi-metabolous insects. 
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Figure 1.3. 
A four cell state model of molecular pattern regulation in the segment 
primordia of Drosophila embryos [adapted from Martinez-Arias et al, 19881. 
A Cell states in wild type embryos: in the early gastrula requirments for 
segment polarity gene expression define a segmentally repeating sequence of 
4 different cell states N, P. W and E. Interactions between the cells maintain 
this stable sequence throughout the cell divisions which take place during 
germ band extension. B Cell states in a patched[ptc] mutant. The absence of 
ptc function results in ectopic expression of wg creating an unstable N:W 
interface N. This causes an ectopic E (e) state to be intercalated during cell 
division. C Cell statesin a naked [nkd] mutant. The absence of nkd leads to 
the ectopic activation of an creating an unstable E:P interface [*] A new W 
[wI state is intercalated during cell division to stabilise the pattern. This 
model is based on the observed localisation of an and wg transcripts in wild 
type nkd and ptc mutants. The distributions of nkd and ptc transcripts in such 
embryos have yet to be established although the pattern of expression 
proposed in this model is consistent with the localised requirements for their 




Regeneration, growth and lineage restrictions in imaginal disc development 
Unlike hemimetabolous insect larvae, Drosophila embryos show little or no 
capacity to regenerate structures. in response to local damage [Lohs-Schardin 
et al, 1979; Underwood et al, 19801. Embryonic epidermal cells go through 
only two or three rounds of cell division, and post-embryonic larval growth is 
• achieved through cell enlargerhent during which the chromosomes become 
highly polytenised and incapable of futher mitosis. The head, thorax and 
• genital segments of the adult fly derive from small groups of diploid cells 
called imaginal discs. During larval life disc cells proliferate rapidly and the 
discs invaginate, taking on a hollow sac-like organisation with characteristic 
folds and lobes. Growth is completed shortly before the onset of 
metamorphosis during which the discs evaginate and differentiate adult 
structures. 
Damaged discs show extensive regenerative properties and the structures 
produced by disc fragments forced to differentiate by injection into 
metamorphosing larvae after culture in adult females [in which, injected, discs 
will grow and mature but not differentiate] have been subjected to systematic 
investigation. Cultured fragments heal rapidly [Reinhardt et al, 19771 and local 
cell proliferation is observed at the wound site [O'Brochta & Bryant, 19871, 
which suggests that regeneration is a largely epimorphic process. In general, 
large or peripheral disc fragments continue growing until they have 
regenerated all the structures' normally produced by the complementary 
fragment in situ. Small or central fragments, however, grow to about double 
their normal size [Alder, 19811 and duplicate the structures which they 
normally give rise to. 
These results have been explained by the polar co-ordinate model [French et 
al, 1976; Bryant et al, 19811, which proposes that positional information in the 
discs is specified by a system of polar co-ordinates. The radial co-ordinate 
specifies the peripheral-central axis, while the angular co-ordinate specifies 
cicumferential position [Fig. 1.41. Regenerative behavior is then supposed to 
follow two rules for cellular interactions. The shortest intercalation rule: 
interactions between cells with different positional values provokes local 
growth producing cells with the shortest possible set of intermediate values. 
The distalisation rule: if intercalated cells have values identical to those of 












Polar co-ordinate model of pattern specification in imaginal discs [after French 
et al, 19761. (a) Polar co-ordinates specifying positional information in an 
imaginal disc. The out&r circle represents the disc boundary, and in the case 
of discs which produce appendages, the centre is the presumptive distal tip of 
the appendage. Each cell is assumed to have information with respect to its 
position on a radius [A-E] and its position around the circle [0-12]. Positions 
0 and 12 are identical creating a circular sequence of values. 
(b) Distal outgrowth from a disc with a piece from its distal centre removed 
[after Bryant et al, 1981]. Wound healing confronts cells with different 
circumferential values, but as intercalation [*) would produce cells with 
positional values identical to those of pre-existing adjacent cells the new cells 
are forced to adopt the next most distal level [B]. Further circumferential 
intercalation between these cells completes the set of B level cells and the 
process is re-iterated until a distally complete disc is regenerated. 
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This form of the model explains most of the available data in a clear and 
plausible way despite having been subject to rigorous testing [eg. Girton, 
1981; Girton, 19831. Since one co-ordinate system can always be 
mathematically transformed into another the pattern of experimental results 
cannot absolutely prove that imaginal disc tissue employs a polar positional 
map and alternative cartesian and spherical co-ordinate systems have been 
proposed [Kauffmann, 19841. Simpson et al [1988] report that in genetically 
mosaic wings, clones with a mutation that forces them to differentate as wing 
margin bristles produce bristle types appropriate to their anterior-posterior 
and dorsal-ventral location within the wing and not to their relative position 
on the proximal-distal wing axis. It would, however, be geometrically 
impossible for clones in the middle of the wing to differentiate wing margin 
bristles appropriate to both their anterior-posterior [circumferential] and their 
proximal-distal [radial] co-ordinate. If normal cell specification involves both 
types of co-ordinate, as required by the polar co-ordinate model, 
bristle-producing clones in the middle of the wing should not be completely 
compatible with their neighbours. This interpretation is consistent with 
evidence that clones in the middle of the wing have an abnormally rounded 
outline and tend to migrate towards the distal margin [Ripoll et al, 19881. 
Genetically mosaic flies have been used to study several different aspects of 
imaginal disc growth and development. Analysis of the distribution and 
shapes of genetically marked clones reveals that clones induced after a certain 
critical stage in disc development are unable to cross a relatively straight line 
dividing the disc into an anterior and a posterior lineage compartment 
[Garcia-Bellido et al, 1973; Struhl, 1981; Morata & Lawrence, 1979; Steiner, 
1976; Duebendorfer, 19771. The posterior compartment of all discs so far 
examined coincides with an e,expressing domain [Kornberg et al, 19851 
In the anterior compartment clones mutant for lethal en 
alleles appear normal but in the posterior compartment such clones 
differentiate abnormal patterns and fail to respect the anterior-posterior 
compartment boundary [Lawrence & Struhl, 19821. En function therefore 
appears to prevent posterior cells intermingling with those of 'the anterior 
compartment (en lethal alleles cause segmental fusions in the embryo) but 
it  
role in pattern regulation is less -t1ear. Cells from different compartments are 
able to interact to regenerate intermediate structures. In the early stages of 
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such regeneration clones may cross from one compartment to the other but a 
new anterior-posterior lineage restriction is soon formed [eg. Szabad et al, 
19791. Compartments are, however, apparently involved in the control of disc 
growth. Experiments in which imaginal discs are provided extra time for cell 
proliferation indicate that the final size of each disc is controlled by a 
mechanism intrinsic to the disc itself [Simpson et al, 1980; Garcia-Bellido. 
19651. It is possible to construct gynandromorph flies in which all female 
tissue is normal but all male tissue carries a mutation that reduces mitotic 
rate. When these flies pupariate at the normal time anterior or posterior. 
compartments which are entirely composed of male cells are much smaller 
than those composed of female cells. However, when pupariation is delayed 
both male and female compartments are of normal size. Thus anterior and 
posterior compartments must be able to control their growth independantly 
[Simson & Morata, 19801. 
Imaginal discs are adapted to produce a number of specialised adult 
appendages and their development may therefore involve rather different 
mechanisms from those which regulate growth and pattern formation in 
segments with a less modified morphology and more normal mode of growth. 
It is therefore not clear to what extent principles derived from the study of 
disc development can be applied to other systems and vice versa. Weak 
alleles of some of the segment polarity genes have effects on imaginal 
development and those, such as en which are cell-autonomous in their effects 
may also be studied in mitotic clones. En is expressed by the posterior cells 
of both embryonic and imaginal segments and at both stages is autonomously 
required to prevent cell intermingling. However, the pattern of wg expression 
in imaginal discs is very different from that observed in the corresponding 
embryonic and larval segments [Baker, 19881);Baker, 1987], and weak alleles of 
wg cause pattern duplications in the proximal-distal and not the 
anterior-posterior axis of the adult mesothorax [Sharma & Chopra, 19761. The 
regenerative responses of discs to embryonic tissue also suggest that these 
may employ different systems of positional information. Normally duplicating 
fragments can be made to regenerate by mixing them with genetically marked 
or lethally irradiated cells from a non-homologous region of the same or 
another type of disc [Haynie & Bryant, 1976; Wilcox & Smith, 1977]. 
Proximal-distal regeneration can also be induced by mixing a test fragment. 
with cells from immature discs or from whole 16 hour old embryos, by which 
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stage the segregation of the presumptive imaginal discs is thought to have 
already taken place. Cells taken from younger embryos [which will 
nonetheless already have begun to express segment polarity genes] cannot 
induce proximal-distal regeneration and it is suggested that this is a property 
restricted to future imaginal disc tissue [Fain & Schneiderman, 19791. 
Adult abdominal development in higher Diptera 
The imaginal cells which give rise to the abdominal segments of Drosophila 
and other higher Diptera develop rather differently from those of the imaginal 
discs. Small nests of diploid "histoblast" cells can be distinguished from the 
surrounding polytene larval epidermal cells from as early as 4 hours after 
hatching in Drosophila [Madhavan & Schneiderman, 19771. These nests do not 
invaginate but remain an integral cuticle-secreting part of the abdominal 
epidermis throughout their development and also, unlike the imaginal discs, do 
not begin their proliferative growth until the end of larval life. By this stage 
four nests can be detected in the lateral region of each larval hemisegment: a 
ventral nest, a small posterior dorsal and a large anterior dorsal - nest and a 
small ring of cells comprising the spiracle anlage. Shortly after puparium 
formation wfen the larva, which has stopped feeding, contracts and becomes 
heavily sclerotised, the histoblasts begin to divide rapidly and then to spread 
out, replacing the autolysing larval cells as they grow. The nests eventually 
fuse to form a continuous sheet of diploid cells which then begin to 
differentiate the adult pattern [Madhavan & Madhavan, 1980; Bautz, 19711. 
Histoblast development follows a similar general pattern in all species studied 
although the histoblasts of larger flies appear to go through some proliferative 
growth during the larval stages [Bautz, 19781, whereas those of Drosophila 
only increase in size [Madhavan & Schneiderman, 19771. The morphology of 
histoblast derived segments, unlike those of imaginal disc derivatives, is 
essentially similar to that of the larval/embryonic segments from which the 
nests arise, although the cuticular patterns of each are very different. The 
close contacts formed between histoblast and the larval cells they replace 
suggest, moreover, that histoblast fate may be influenced by positional cues in 
the larval epidermis [Garcia-Bellido & Santmaria, 1972; Madhavan & Madhavan, 
19841. In large fly species, such as the blowfly Ca/ilphora erythrocephala, it is 
possible to perform precise grafting and excision experiments analogous to 
those used to investigate pattern regulation in hemimetabolous insects [see 
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• - 	for example Pearson, 19771. This study aims to analyse the effects of such 
operations on both the outgrowth of and the cuticular pattern secreted by the 
histoblasts of the large flesh fly Sarcophaga agryostoma in which the nests 




The regulation of pattern development in the insect integument has been 
investigated using surgical, developmental genetic and molecular experiments 
on several different insect types. Analysis of the effects of surgical operations 
juxtaposing cells from different regions of the abdominal segements of 
hemimetabolous insects or the imaginal discs of Drosophila have established 
the importance of cell interactions and position in determining cell fate. 
Developmental genetic and molecular studies of Drosophila embryos have also 
identified a number of loci whOse wild-type function is involved in regulating 
intrasegmental patterning and shown that cell interactions can affect the 
expression of these genes. In the segments of hemimetabolous insects and of 
the Drosophila embryo positional information appears  to be specified by an 
anterior-posterior sequence of positional values which may be discontinuous 
at the segment boundaries, while in imaginal discs the organisation of 
positional values is better described by a set of polar co-ordinates. Work on 
Drosophila also indicates that lineage restrictions within each segment may 
play a significant role in regulating the growth and development of the 
segment primordia. 
The chapters which follow describe an investigation of the growth and 
development of the abdominal histoblasts which give rise to the adult 
abdominal segments of the large flesh fly. Sarcophaga agryostoma, the results 
of which are then analysed with respect to principles discussed above. 
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Chapter 2 
Adult cuticle pattern and the developmental fates of the histoblast nests 
18 
INTRODUCTION 
The experimental work described in the following chapters investigates the 
regulation of adult abdominal development in higher Diptera, by studying the 
effects of various microsurgical operations to the epidermis of young prepupae 
of the large flesh fly [Sarcophaga agryostomal on the morphology of the adult 
segments and the outgrowth of the histoblast nests. To demonstrate such 
effects it is first necessary to establish the normal patterns of histoblast 
outgrowth and adult abdominal cuticle. Furthermore, the locations of the 
histoblast nests need to be mapped relative to external markers in the 
prepupa, in order to identify the sites of potentially informative operations. 
The adult abdominal development of a number of fly species has been 
described, but the most detailed account of this process is that given by 
Madhavan & Madhavan [1980]. By careful examination of whole mounts of 
Drosophila abdominal epidermis at accurately timed stages of its post-larval. 
development, these authors were able to locate the histoblast nests of each 
hemisegment and follow their outgrowth, fusion and subsequent 
differentiation. The pattern of nest outgrowth may be related to adult 
segment morphology by using persisting larval structures, which can still be 
recognised after the histoblasts have differentiated, as markers of the 
segmental pattern. In Drosophila the dorsal internal oblique muscles, which 
insert at the larval intersegmental folds, persist through metamorphosis and 
this enabled Madhavan & Madhavan [1980] to identify the posteriormost and 
the anteriormost structures made by the dorsal histoblasts of each segment. 
The adult spiracle could also be used as such a marker, its anlage being 
readily identifiable in the epidermis of both larval and pupal segments. 
In this chapter the cuticular pattern of the first five abdominal segments in 
male and female Sarcophaga is described. The histoblast nests which give 
rise to the adult epidermis of these segments were located in stained whole 
mounts of prepupal epidermis and their positions mapped relative to the sites 
of larval muscle insertions. Similar preparations of the epidermis of pupae and 
pharate adults made at carefully timed developmental stages allowed the early 
outgrowth and subsequent fusion and differentiation of the histoblast nests to 
be followed, and  fate map of the adult abdominal segments based on these 
observations and the results of dorsal nest rotation experiments is described. 
W, 
MATERIALS AND METHODS 
Stocks of Sarcophaga agryost: oma were maintained at a constant temperature 
of 25° C by the method of Saunders [1971]. Adults were supplied daily with 
fresh meat, on which the females deposited 1st instar larvae; these were 
raised on milk and yeast agar in plastic boxes, kept in sawdust filled trays. At 
the end of the feeding stage in late 3rd instar, larvae left the food and could 
be collected from surrounding sawdust as they begin to pupariate and, after 
losing mobility, their cuticle became sclerotised. As in other higher Diptera 
metamorphosis takes place inside the old larval cuticle, which is not shed in 
the pupal moult [Fraenkel & Bhaskaran, 19731. 
Stained whole mounts of the epidermis were made at either late 3rd larval 
instar, pupal or pharate adult stages, in which the cuticle is sufficiently 
transparent to allow observation of stained nuclei. Abdomens were cut open 
along the dorsal mid-line and the internal organs removed with forceps. 
Epidermis and cuticle were fixed for 1 hour in a solution of 40 parts 95% 
ethanol, 5 parts glacial acetic acid and 4 parts 20% formalin,washed in 70% 
ethanol, cooked for 10 mins in 2M HCl at 60' C,and washed in water. The - 
preparations were then stained for 60s in a 1% solution of basic fuschin in 
2.5% acetic acid,destained as required in 5% acetic acid;washed in 
water,detiydrated through a series of ethanols; cleared in xylene , and mounted 
in DPX. Whole mounts of the adult cuticle were made by dissecting out the 
abdomen, soaking it in 10% KOH, to remove the tissues , washing in water and 
then mounting in euparal. 
Dorsal nest rotation was performed on prepupae 1-2 hours after pupariation 
by. cutting out a square of. integument and turning it through 180 0 before 
fitting it back into the host site where it soon became sealed in place by 
clotted haemolymph. 
RESULTS 
Cuticular pattern in adult abdominal segments 1-5 
The adult abdomen of Sarcophaga has 8 segments, the first 7 of which are 
derived from histoblast nests. The first 5 of these have the same general 
morphology and are together termed the pre-abdomen, to differentiate them 
from the post-abdomen [segments 6-81, in which segment morphology is 
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variously adapted to perform more specialised genital and anal functions. 
Each pre-abdominal segment consists of a sclerotised dorsal tergite and 
ventral sternite, separated by an unscierotised pleural membrane. 
Sternite morphology 
The abdominal sternites are small ventral plates of sclerotised hairy cuticle 
which each consist of mirror-symmetrical left and right hemisternites fused 
together at the ventral midline [Fig. 2.11. The first sternite differs from the 
others both in shape and in its lack of bristles. In females all pre-abdominal 
sternites are oval shaped and bear evenly spaced bristles on either side of 
their mid-ventral regions [Plate 2.1A). Male sternites in the 2nd, 3rd and 4th 
segments are rectangular; and are also larger and bear a more slender bristle 
type than their female counterparts [Plate 2.1C]. The 5th sternite in males has 
a complex modified morphology,quite unlike that of the other sternites. Each 
hemisternite consists of an evaginated, bristle bearing "pad" attached to a 






Camera lucida diagram of segments 1-5 [A1-A5] in the ventral abdomen of a 
female Sarcophaga Sternites [S], pleura [P1 and the ventral tips of the tergites 
[T] are shown. Note the positions of the spiracles EspI and the bilaterally 
symmetrical distribution of the macrochaetae [m]. The posterior margin of the 
first tergite is fused to the anterior margin of the second [dashed, line]. 
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Tergite morphology 
Like the sternites, tergites consist of two mirror-symmetrical halves or 
hemitergites [Plate 2.2A-B]. The tergites of the first two segments are fused 
together so their anterior-posterior patterns differ somewhat from those of 
more posterior tegites, which are separated from each other by the 
intersegmental membranes. In Sarcophaga these membranes are covered in 
short hairs. The anteriormost part of the tergite, the acrotergite, is normally 
hidden by the overlapping posterior end of the preceding segment [Fig. 2.21 
and though sclerotised is both hairless and bristleless [Plate 2.2C]. It is 
followed by a broader hairy region, most of which is covered in evenly spaced 
microchaetae. In females all microchaetae have a similar morphology, whereas 
in males the microchaetae of the ventral part of the tergite [which contains 
the spiracle] are more slender than those found in dorsolateral locations [Plate 
2.2131, and resemble microchaetae in the sternites. Macrochaetae are found 
along the posterior edge of the bristle-bearing region and their distribution is 
both sex and segment specific [Plate 2.2A-B]. Tergite pigmentation is 
uniformly dark except for the bands of -lightly pigmented cuticle at the 
posterior margins [Plate 2.2C]. 
AT 	 AT 
Figure 2.2 
Diagram depicting a longitudinal section through the dorsal midline of a typical 
pre-abdominal segment. The intersegmental membrane [ISM], the narrow 
acrotergite [AT] and the hair-bearing [shaded] region of the tergite are marked. 
Note the increase in bristle size from anterior to posterior. 
Hair pattern in the pleura 
The sternites of each segment are separated from the tergites by an 
unscierotised hair-bearing pleural membrane. The hairs are medio-laterally 
orientated in the posterior part of the membrane and antero-posteriorly 
orientated in the anterior part, where they appear to be arranged in regular 
rows • [Plate 2.1131. Hair orientation in the intersegmental pleura, which is 
normally folded under the preceding sternite, is from posterior to anterior. 
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Development and location of the histoblast nests 
The epidermis of each adult hemisegment in Sarcophaga arises from one 
ventral and two dorsal histoblast nests and a spiracle anlage. Shortly after 
pupariation the diploid histoblasts begin to divide rapidly and then to spread 
out, progressively replacing the polytene larval cells around them. This may 
be followed in stained whole mounts of the abdominal epidermis at 
appropriately timed stages after puparium formation [APF], and a schematic 
representation of the process, based on camera lucida drawings of the nests, 
is given in Figure 2.3 [overleaf]. 
Appearance and location of the nests in the prepupa 
[0 hours APF - Fig. 2.3A] 
In whole mounts of the epidermis of white prepupae the diploid histoblast 
nuclei appear stratified and cannot be accurately counted, although the relative 
populations of each nest may be estimated by comparing their areas. The 
anterior dorsal and the ventral nests are of approximately equal size and larger 
than the posterior dorsal nest [Plate 2.3A]. The spiracle anlage consists of a 
ring of diploid cells between 5 and 10 nuclei in width, surrounding the narrow 
opening to the trachéãl system[Plate 2.3131. All three histoblast nests and the 
spiracle anlage are situated near muscle insertions, the locations of which are 
visible externally as depressions in the cuticle [Plate 2.3C]. These muscle 
insertions can therefore be used as markers to map histoblast nest location in 
living prepupae [Fig. 2.41, and in the following chapter [31 the accuracy of this 
map is tested by performing extirpations at the proposed nest sites. 
- - - 	 - 	1SF 
sa 
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Figure 2.4 Diagram mapping the histoblast nests of one hemisegment relative 
to external pattern markers formed by the sites of muscle insertions. V, ventral 
nest; al), anterior dorsal nest; pD, posterior dorsal nest; sa, spiracle anlage; 
1SF, intersegmental fold. 
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Schematic diagrams illustrating histoblast nest outgrowth between 0 and 75 
hours APF. A-C Anterior dorsal [aD], posterior dorsal [pD], ventral [VI and 
spiracle anlage [Sal histoblast nests of the 4th left hemisegment at 0, 49, and 
55 hours APF. D-F Histoblast nests at 61, 67 and 75 hours APF. Typical 
distributions of mitotic figures [crosses] drawn from camera lucida, are 
illustrated in pD and V nests in D, and in all nests in E and F. Note the 
posteriorward shift in the position of the spiracle with respect to the segment 
border. In larvae and young pupae the future spiracle is closer to the larval 






Histoblast multiplication and nest outgrowth in young pupae 
[48-61- hours APF - Fig. 2.313-C] 
The nests of newly pupated animals [48 hours APF] are slightly larger than 
those, of white prepupae [0 hours APF] and also appear more densely 
populated [Plate 2.4A-131, indicating that a considerable multiplication and some 
outgrowth of the histoblasts has taken place between pupariation and 
pupation. The nests continue to expand without any - decrease in 
histoblast density during the next few hours and by 55 hours APF the anterior 
and posterior dorsal nests have begun to fuse [Plate 2.4C]. At this stage 
histoblasts in the central parts of the nests are still too dense for mitotic 
figures to be easily detected, but the nuclei of the posterior nest appear to be 
less closely packed than those of the anterior. This difference is maintained 
for some time after the two nests have fused. 
By 61 hours APF both the fused dorsal nests and the ventral nest are 
beginning to fuse with the spiracle anlage [Plate 2.5A-B], the dorsal nests 
forming epidermis dorsal to, and the ventral nests ventral to, the future 
spiracle. Spiracle anlage histoblasts have also grown put to form part of the 
future adult epidermis and extend some 0.2 mm ventrally and dorsally from 
the spiracle itself [see Fig. 51. Histoblast density has decreased sufficiently in 
the ventral nest, spiracle anlage and the posterior part of the combined dorsal 
nests for mitotic figures to be detected [Plate 2.5131. Dividing cells are often 
found in clumps of 2-5, which suggests that adjacent cells may often 
commence mitosis at about the same time possibly because daughter cells 
maintain some synchrony in their division cycles. 
Histoblast multiplication and nest outqrowth in mature ouoae and Dharate 
adults 
[62-75 hours APF - Fig. 2.3D-F] 
In mature pupae and after the adult moult at about 72 hours APF, histoblast 
outgrowth gradually continues. By 68 hours APF the contralateral ventral 
nests have begun to fuse [Plate 2.5C]. The histoblasts are now sufficiently 
sparse for mitosis to be detected with relative ease in all nests and divisions 
appear most concentrated where cell density is highest, in the centre of the 
nests, but are occasionally also detected where neighbouring nests have 
begun to fuse. At this stage a row of larval cells persists between the 
histoblasts of adjacent segments. Over the next seven hours these larval cells 
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autolyse and are replaced so that the histoblast form an almost continuous 
sheet everywhere except in the mid-dorsal regions of the segments. Mitosis 
is concentrated in the cell dense central regions of the outgrowing dorsal 
nests, very few mitotic figures can be detected in their peripheries where 
histoblasts are more sparsely packed [Plate 2.5D]. Histoblasts are still less 
densely packed in the posterior parts of the dorsal epidermis. 
Completion of histoblast outgrowth and differentiation in pharate adults 
[75-288 hours APF] 
By 120 hours APF the dorsal nests have finally fused and early signs of bristle 
differentiation are apparent [Plate 2.5E]. 
- 	Over the next 5-6 days differentiation continues until, by 
12-13 days after pupariation,-metamorphosis is complete and the adults are 
ready to eclose. 	- 
One adult structure, the spiracle, can also be identified in whole mounts of 
developing abdominal epidermis,in which the dorsal, ventral and spiracle 
anlage histoblasts are still separate. In Figure 5 [overleaf] the morphological 
fates of each of these nests are mapped by relating the positions of the nests, 
with respect to the future spiracle, to the structures formed at corresponding 
positions in whole mounts of pharate adult epidermis. 
Identification of the anteriormost and the posteriormost structures in each 
segment 
Mapping histoblast outgrowth with respect to the future spiracle cannot, 
however, distinguish the different fates of the two dorsal histoblast nests. The 
anteriormost and posteriormost structures made by the anterior and the 
posterior dorsal nests were identified by analysing the patterns produced after 
rotating grafts containing both dorsal histoblast nests of the 4th left 
hemisegment through 1800  [see Fig. 2.61. In 43 of the 71 adults which 
survived this operation the corresponding hemitergite was deleted or was 
quite normal, and in a further 8 some partial regulation of tergite polarity had 
taken place [Plate 2.6A], but in the remaining 20 animals the rotated histoblast 
nests had retained their grafted orientation and produced reversed 
hemitergites, which were each separated from the normally orientated tergite 
of the preceding segment by an intersegmental membrane and fused to that 
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of the following segment. Closer examination of the fused tergites revealed, 
however, that in 11 cases they were in fact separated from each other by a 
narrow band of acrotergite [Plate 2.6131. 
As the grafted dorsal nests of these animals had not derotated, the reversed 
[4th] anterior dorsal nests would have" eventually fused with the anterior dorsal 
nest of the following [5th] segment [as shown in Figure 2.6] and the 
acrotergite separating the reversed [4th] and the normal [5th] tergites 
therefore represents the anteriormost structure normally made by either of 
these two anterior nests, while the intersegmental membrane bordering the 
reversed tergite must similarly represent the posteriormost structure made by 
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Figure 2.6 
Dorsal nest rotation experiments. Diagram showing the site at which grafts 
[rDJ containing the anterior dorsal [crosses] and the posterior dorsal [dots] 
nests of the 4th left hemisegment [A4] were cut, and the relative positions of 
the rotated nests and those of the preceding and the following segments 
immediately after the operation. The arrows indicate the pattern of nest 
outgrowth and the eventual fusion of the rotated posterior and anterior nests 
with the normally orientated posterior and anterior nests of the preceding [A3] 








Ventral morphology in the 4th and 5th abdominal segments of male and 
female Sarcophaga showing sternites [S4. S51, pleura [P] and edges of tergites 
[T4, T51. A. Female 5th and 4th sternites: note the bilaterally symmetrical 
distribution of bristles. B Enlargement of the marked region in A. Note the 
anterior-posterior running rows of pleural hairs in the anterior 
part of the segment , and their medio-lateral orientation in the posterior part 
of the segment [arrow]. C Male 4th sternites. As in the female bristle 
distribution is symmetrical but the bristles are thinner and less straight than 
those of the female. Note also the position of the spiracles [sp] in the ventral 
part of the tergite. D Male 5th sternite showing the modified morphology of 










Adult dorsal abdominal morphology. A Cuticular whole mount of dorsal 
abdominal segments 3-5 in an adult female. Note the even spacing of the 
microchaetae and the macrochaetae along the posterior margin of the tergite. 
B Cuticular whole mount of the dorsal tergite of segments 3-5 in the male. 
Note the differences between the distribution of macrochaetae in segments 3 
[A3] and 4 [A4]. C Pattern in the intersegmental region. Note the hairless 
scierotised acrotergite [arrow], which normally lies beneath the transparent 
intersegmental membrane. Note also the lightly pigmented region [Pm] 
forming the posterior margin of the preceding tergite. 0 Male 4th left 
hemitergite. Chaetae in the lightly pigmented tergite ventral to the spiracle 
[sp] resemble those of the sternite [s]. Dorsalwards from the spiracle tergite 
pigmentation is darker and chaeta morphology becomes less slender and more 
"straight". The most dorsal chaetae shown [eg. arrow] are thus quite different 
from those observed ventral to the spiracle. 
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Epidermal and cuticular patterns of the abdominal segments in newly 
pupariated larvae [white prepupae]. 
A Stained whole mount of larval epidermis in the lateral region of the left 
fourth hemisegment. Note the ventral [V], anterior dorsal [aD] and posterior 
dorsal [pD] histoblast nests and the spiracle anlage [Sal. Note also the 
positions of the intersegmental fold [ISFI and dorso-ventral muscle insertions 
[dashed outlines]. B Spiracle anlage, note the external opening of the tracheal 
system [arrow]. C Semi-tanned prepupae 0-1 hour after pupariation. Note the 
segmentally repeated pattern of depressions in the cuticle formed by muscle 
insertions and the locations of the intersegmental folds [1SF]. The >-shaped 
ventral [arrow] depression in each segment is produced by the dorso-ventral 
muscles which insert close to the ventral histoblast nest in A. Bars, A, C, 
0.25mm; B, 0.05mm. 
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Plate 2.4 
Stained whole mounts of abdominal epidermis showing the development of 
the dorsal histoblasts nests between 0 and 55 hours APF. A Anterior [aD] and 
posterior [pDI dorsal nests in the 4th abdominal segment at 0 hours APF. B 
Dorsal nests at 49 hours APF. Note the increases in size and histoblast 
density in these nests, the latter being most obvious in the posterior dorsal 
nest. Larval cell nuclei are also more closely packed than in newly pupariated 
larvae. B Anterior and posterior dorsal nests at 55 hours APF. The two nests 
have almost fused but note that the difference in the density of posterior and 
anterior histoblasts is maintained. 
Bar, 0.25mm. 
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Plate 2.5 
Stained whole mounts of developing abdominal epidermis between 60 and 120 
hours APF. A Both the dorsal [aD and pD] and the ventral [V] nests have just 
fused with the spiracle anlage [sal. B Enlargement ofpart of A showing the 
spiracle anlage [arrow] fused with the dorsal [V] and ventral [D] histoblast 
nests. Note the clumped mitotic figures [small arrows]. C Mid-ventral region 
67 hours APF. Right and left ventral nests are close to fusion in segment 3 
[below] and already fused in segment 2 [above]. D Mid-dorsal epidermis at 75 
hours APF, showing the growing edge of one of the dorsal nests. Note the 
reduced density of the histoblasts at the edge of the nest [arrow]. f. 
Differentiation in the fused histoblasts 5 days after pupariation. Note the 
regularly spaced and enlarged bristle cell nuclei and the transverse band of 
darkly staining oenocyte-like cells [0], underneath the epidermis in the 
intersegmental region. 
Bars, A-B 0.25mm; C-D 0,1mm. 
~~Alf )F  0 
I&Miil* 
 



























Results of dorsal nest rotation in the 4th left hemisegment. A Some regulation 
of polarity has occurred to produce a rosette-like pattern of bristles with those 
in the posterior part of the scierite having normal polarity. The pigmentation 
pattern also shows some regulation, note the lightly pigmented posterior 
margin-type cuticle around the edge of the rotated scierite. B The reversed 
polarity of the rotated nests is retained in the adult hemitergite. Note the 
light band [arrows] representing the acrotergite between the reversed scierite 
and the normally orientated 5th tergite [T5]. 
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DISCUSSION 
The adult preabdominal segments of Sarcophaga are morphologically similar to 
those of other higher Diptera, and consist of bilaterally symmetrical 
rectangular tergites and sternites, separated by a hairy pleural membrane. 
Distinctive features of Sarcophaga are the dimorphism of the ventral and 
dorsal microchaetae [in males], the very specific patterns of macrochaetae in 
the segments of both sexes and the extreme morphological specialisation of 
the 5th male sternites Sarcophaga resembles. other large flies such as 
Caiiphora in having relatively large tergites so that the spiracles are found in 
the ventro-lateral region of each hemitergite rather than in the pleura, as in 
Drosophila, or at the tergite-pleura border, as in Musca The intersegmental 
membranes are also smaller, relative to the overall size of the segments, and 
are covered in small hairs whereas those of Drosophila are perfectly smooth. 
Histoblast nuclei in the nests of newly pupariated Sarcophaga larvae differ 
from those of Drosophila in that they appear to lie in more than one layer and 
are probably pseudo-stratified like those of Caiiphora Unlike Drosophila 
histoblasts, those of Caiiphora divide during larval life EBautz , 19781, and such 
division may also take place in Sarcophaga Histoblast multiplication increases 
rapidly shortly after pupariation in all species and the nests then begin to 
spread out, progressively replacing the poltene larval cells around them. In 
Drosophila the initial rate of nest outgrowth [between pupariation and 
pupation] is slow compared to that at which new histoblasts are being 
produced, so an increase in histoblast density is observed in the nests. 
[Madhavan & Madhavan, 19801. An increase in histoblast density is observed 
in Sarcophaga pupal epidermis 48 hours after pupariation, but the larval cells 
are also more densely packed [see Plate 2.4A-B]. Mitotic figures are difficult to 
detect until some time after dorsal and ventral nests fuse, when histäblast 
density has fallen sufficiently for the nuclei to form a monolayer. The 
distribution of mitotic figures is quite heterogeneous, with the vast majority 
being found in the denser central portions of outgrowing nests at all stages 
[Fig. 2.3D-F], although divisions are occasionally detected in the peripheral 
cells as nests begin to fuse with their neighbours. 
-Outgrowth following pupation eventually brings about the fusion of first the 
anterior and posterior dorsal nests [Fig. 2.3C & Plate 2.4C] and then of the 
31 
ventral and the combined dorsal nests with the spiracle anl age [Fig. 3D & Plate 
2.5A]. The approximately simultaneous occurrence of the last two fusions 
indicates that the spiracle anlage, and in the adult the spiracle, marks the 
boundary between dorsal and ventral nest derived histoblasts. As shown in 
Figure 5, the ventral histoblasts ,therefore, give rise to the adult structures 
ventral to the spiracle [the sternite, the pleura and the ventral tip of the 
tergite], while the dorsal histoblasts produce the adult structures dorsal to the 
spiracle [the dorso-lateral tergite]. In males dorsal nest derived tergite bears a 
distinctive "straight" type  of bristle, which is- never found in the ventral nest 
derived tergite on the other side of the spiracle [see Plate 2.2D]. A similar 
sequence of histoblast nest fusions is observed in Drosophila [Madhavan & 
Madhavan, 19801, but in this species., the spiracle lies in the pleural membrane, 
so the ventral nests should form sternite and ventral pleura and the dorsal. 
nests tergite and lateral pleura. Microcautery experiments and gynandromorph 
analysis suggests that the spiracle anlage of Drosophila also forms a small 
area of the surrounding pleural membrane [Roseland & Schneiderman, 19791. 
In Sarcophaga histoblasts from the .spiracle anlage grow out from the future 
spiracle itself to form a small part of the surrounding epidermis, which 
eventually gives rise to part of the tergite [Fig. 51. 
The fates of the ventral, dorsal and spiracle anlage histoblasts in Sarcophaga 
can thus be established from observations of the outgrowth and differentiation 
of these nests by using the future spiracle as a marker of adult pattern. 
Analysis of the patterns produced by rotated dorsal nests further suggests 
that in Sarcophaga the posterior dorsal nests give rise to the intersegmental 
membrane and the anterior dorsal nests to the acrotergite. It has not proved 
possible to rotate Drosophila histoblast nests in this way but the results of 
studies followind the points of insertion of larval muscles, which. persist 
through metamorphosis indicate that this fly differs from Sarcophaga, in that 
the acrotergite is derived from the posterior dorsal nest [Madhavan & 
Madhavan, 19801. The significance of this apparent difference between the 
two species and how it might be tested are explored more fully in the final 
discussion chapter of this thesis. 
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CONCLUSION 
The cuticular pattern of the first five adult abdominal segments in Sarcophaga 
is described, with special attention being drawn to localised features that act 
as markers of specific regions in each segment. The adult epidermis, which 
secretes this pattern arises as in other Diptera, from small nests of diploid 
histoblasts, two dorsal, one ventral and a spiracle anlage. The exact locations 
of these nests, with respect to various larval muscle insertions visible as 
depressions in the cuticle, were determined in newly pupariated larvae. 
Shortly after pupariation the histoblasts begin to divide rapidly and to spread 
out, replacing the poltene larval epidermal cells. The temporal sequence of 
the fusion and differentiation of these nests and the patterns of mitosis and 
cell density within outgrowing nests are described in some detail. The fates 
of the dorsal and ventral histoblasts were distinguished by relating the pattern 
of ventral and dorsal nest fusion with the spiracle anlage, to the structures 
eventually formed ventrally and dorsally of the spiracle in adult hemisegments. 
The results of rotation experiments further suggest that the anterior dorsal 
nest gives rise to the acrotergite, while the intersegmental membrane derives 
from the posterior dorsal nest. 
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Chapter 3 
Growth and pattern regeneration following histoblast nest extirpations 
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INTRODUCTION 
in the preceding chapter the normal development of histoblast nests was 
followed, and a rudimentary fate map for the adult abdomen established. In 
this chapter the role of interactions between the nests in producing this 
pattern will be investigated by observing the effects of removing nests on the 
subsequent growth and development of their neighbours. If such operations 
induce excess growth of remaining nests this would imply that interactions 
between nests determine the final size achieved by each nest in normal 
development. Similarly, if the remaining nests appear to regenerate structures 
which are normally made by their extirpated neighbours, it would seem that 
interactions also define the limits of each nest's fate in the adult epidermis. 
To date,the most exhaustive study of this type is that of Roseland and 
Schneiderman [1979] on microcautery of Drosophila histoblast nests. They 
interpreted their results as showing little or no compensatory growth or 
pattern regulation by remaining nests. In an earlier study of the effects of 
microcautery, however, Santamaria and Garcia-Bellido [1972] describe 
occasional "penetrations" of the adjacent segments into the region normally 
occupied by the hemitergite. Regeneration of abdominal structures following 
the extirpation of the corresponding histoblast nest, has been observed in 
larger; slower-growing species of Diptera. Bhaskaran [1973] describes 
regeneration of the pleura after ventral nest extirpation in Musca and 
[Bhaskaran unpublished] of the hemitergite by the spiracle anlage and of the 
hemisternite by the contralateral ventral nest in Sarcophaga 
The following experiments examine the effects of extirpation of each of the 
nests of a hemisegment on the pattern formed by the remaining nests. 
Epidermal whole mounts of pupae were studied in order to check that the 
extirpated nest had been completely destroyed, and to determine whether the 
outgrowth of the remaining nests had been affected. Further experiments 
examine the effects of extirpating combinations ,of nests in order to confirm 
that regeneration has occurred and, when possible, to identify its source. 
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MATERIALS AND METHODS 
Each histoblast nest can be located relative to larval muscle insertions, which 
are visible as depressions in the cuticle [Chapter 21. Extirpation of histoblast 
nests was carried out on semi-tanned prepupae 1-2 hours after puparium 
formation [APF]. At this stage the prepupae are immobilised but their cuticle 
still retains some flexibility and is easier to cut than at later stages. Square or 
rectangular fragments of cuticle plus attached epidermis were cut at 
appropriate locations [Fig. 3.11 using razor blade knives. These fragments 
were dipped in 100% alcohol for 30s,to kill the attached cells,then washed in 
standard insect ringer solution for 60s before being replaced in the wound 
site. After the fragment had become sealed in place by clotted haemolymph, 
animals were transferred to a 25 C incubator until their eclosion. Whole 
mounts of the abdominal cuticle of emerged flies and of pupal or pharate 
adult epidermis were made by the methods described in Chapter 2. The 
effects of extirpations on the outgrowth of the remaining nests at 50 hours 
APF, were determined by comparing camera lucida drawings of the histoblast 
nests in operated and control hemisegments. 
' 
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Figure 3.1 
Diagram showing the various muscle insertion sites, visible as depressions in 
the cuticle in the lateral regions of the abdominal segments of a newly 
pupariated larva. The positions at which extirpations were made to remove 
each of the anterior dorsal [aD], posterior dorsal [pD], and the ventral [V] 
histoblast nests and the spiracle anlage [sal are marked. 
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RESULTS 
- 	 Single Nest Extirpations 
.50 hours APF 
By 50 hours APF the pupal moult is complete, and the pupa may be extracted 
from the sclerotised puparium so that histobiast nests can be examined 
directly in stained whole mounts of the transparent pupal cuticle and attached 
epidermis. By this means it was possible to judge the success of the 
extirpations in removing a histoblast nest, and also to assess effects on the 
outgrowth of remaining nests. 
Anterior dorsal [aD4] 
No histoblasts could be detected at the anterior dorsal site in any of the 9 
pupae examined. The effects of aD4 extirpation on growth of the remaining 
nests in the hemisegment, and of the dorsal nests of the adjacent 3rd and 5th 
hemisegments were examined. The posterior dorsal nest covered a smaller 
area than its contralateral control in all but one of the preparations and was 
quite absent in three. Reductions in the size of other more distant nests were 
less common [Table 3.11. 
Posterior dorsal [pD4] 
No posterior dorsal histoblasts could be detected in any of the 11 pupae 
examined. As with aD4 extirpation, effects on growth were most frequently 
observed in the remaining nests nearest to the extirpation site [Table 3.11. The 
anterior dorsal nest was smaller in 10 of the 11 pupae, and in 6 the histoblasts 
- appeared less densely packed than in the control nest [Fig 3.2A]. 
Spiracle anlage [Sa4] 
In 3 out of the 11 pupae in which extirpation had completely removed the 
spiracle anlage all the remaining nests in the hemisegment were reduced in 
size [Table 3.11. Nests in the adjacent segments did not seem to be affected 
in this way but in 2 cases the spiracle anlage of the 5th hemisegment was 
larger than its control. Traces of the spiracle anlage were seen in 2 out of 13 
cases, and in these most of the other nests appeared normal. 
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Ventral [V4] 
In all 10 pupae examined the ventral histoblast nest had been successfully 
removed [Fig. 3.2131. Effects on the growth of neighbouring nests were less 
frequent than after dorsal nest extirpations [Table 3.11. 
Table 3.1 
Effects of extirpation on the early [50 hours APF] outgrowth of remaining nests 
Operation 	 Affected histoblast nest 
aD4 	pD4 	Sa4 	V4 aD3/5 pD3/5 Sa3/5 V3/5 
x N x N x N x N x N x N x N x N 
	
aD4 	--89193558 	25 	- - 	- - 
pD4 	1011 - - 311 211 919 1318 	- - 	- - 
Sa4 	311 3 11 - -311-- 	- - 	014 	- - 
V4 	1606310 --------414 
N refers to the numbers which could be scored in each category and x to the 
numbers of nests which were found to be smaller in area than their controls 
Leg. Figure 3.2131. Nests in the vicinity of an extirpation could not always be 
scored for effects on outgrowth as some of the nests or their contralateral 
controls were often damaged during the preparation of an epidermal whole 
mount. 
67-75 hours APF 
At 67 hours APF contralateral ventral nests and anterior and posterior 
histoblasts from adjacent segments are beginning to fuse, and by 75 hours 
APF the histoblasts of control animals form a continuous sheet across all but 
the mid-dorsal region of the abdomen [Chapter 21. Observations at appropriate 
stages between 67 and 75 hours APF should therefore reveal which of the 
remaining nests,with the exception of the contralateral mid-dorsal nests, grow 
into the space left when a neighbour has been extirpated. 
V4 	 I 
Excess growth of the spiracle antage, the fused dorsal nests, the histoblasts of 
the adjacent segments and the contralateral ventral nest was observed in all 
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Effects of extirpations on early outgrowth of the remaining nests [50 hours 
APF]. A Anterior dorsal nest [aD] 
and its contralateral control [aDrI in the 4th 
segment following pD4 extirpation. Note the differences in both area and 
histoblast density, the nest in the vicinity of the extirpation is smaller and its 
histoblasts less densely packed than in the control. B Deletion of the 4th left 
ventral nest [arrows] after V4 extirpation. The 5th left ventral nest [V51 in the 
operated hemi-abdomen is somewhat smaller than its control [V5r], shown on 





••4 	br .' 
j 	
- 	 ..... t_••.• 	I .. 




• 	 V 
Figure 3.3 
Overgrowth of the histoblast nests in the vicinity of an extirpation. A Stained 
whole mount of pupal epidermis in the mid-ventral region 75 hours APE 
following V4 extirpation. Note that the ventral nest [arrow] from the 
contralateral hemisegment has spread across the ventral mid-line 
[dashed-line]. In the 5th segment the ventral nests [V5 and V5r] have not yet 
fused. B Stained whole mount of pupal epidermis at 67 hours APF following 
aD4 extirpation. Note the position of the future spiracle [s]. The fused ventral 
nest-spiracle anlage [arrow] has begun to spread into the vacant dorsal region 
of the larval epidermis. The posterior dorsal nest appears to have been 
deleted. 
Bars, 0.25mm. 
C-D Camera lucida drawings depicting the histoblast nests [dotted] in the 
vicinity of an aD4 extirpation at 70 hours APF. Histoblasts from the posterior 
dorsal nest [pD4], the fused ventral nest-spiracle anlage [V4-Sa41 and the 
adjacent segments [133, D51 are beginning to spread into the vacant dorsal 
region of the larval epidermis [unshaded]. 
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aD4 
Excess dorsalward growth of the fused spiracle anlage-ventral nest and/or the 
posterior dorsal, nest was observed in 7 pupae examined at 67 hours APF 
[Fig. 3.3131. Camera lucida drawings were made of 11 pupae at 70 hours APF. 
Growth into the unoccupied dorsal region was observed from the posterior 
dorsal nest, the spiracle anlage-ventral nests and the dorsal nests of adjacent 
segments [Fig. 3.3C-D]. 
Adult cuticular patterns 
aD4/pD4 
A graded series of effects on the 4th left hemitergite was observed in flies in 
which either of the dorsal nests of that hemisegment had been removed. 
While the macrochaetae were invariably deleted, other effects on the tergite 
ranged from its total deletion to negligible reductions in area. The range was 
sub-divided into 4 classes in order to score the results [ Fig. 3.41. 'After aD4 
nest extirpation, effects of the more severe classes 3 and 4 predominated, and 
the remainder were of the class 2 type [Table 3.21. After pD4 nest extirpation 
less severe effects were more common, the most frequent result being 
class 2. In classes 1-3 the anterior-posterior pattern of the hemitergites was 
always complete: no deletion of the acrotergite or of the anterior and 
posterior intersegmental membranes was observed following aD4 or pD4 
extirpations. 
In all cases, any reductions in area of the operated segment were fully 
compensated for by increases in the area of the adjacent hemitergites and the 
pleura-sternite; that is by derivatives of the histoblast nests which had been 
observed growing into the vacant dorsal region at between 67 and 70 hours 
APF or of the contralateral dorsal nests. In order to determine whether the 
enlargement of adjacent structures was due to increases in cell size or cell 
number, whole mounts of pharate adult epidermis were made of 10 flies with 
class 4 hemitergite morphology, and the cell densities [number of cells 
counted in a 25 jim 2 area] in enlarged 3rd and 5th hemitergites compared with 
those in contralateral control hemitergites by a paired t-test. No significant 
differences were found [t= 0.99, df= 9, P> 0.3]. The increased size of the 
structures which take the place of deleted hemitergites therefore reflects an 
increase in histoblast number in the nests giving rise to these structures. 
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Figure 3.4 
The range of effects of dorsal nest extirpations on tergite morphology were 
divided into four classes [1-41, representative examples of which are shown. 
A Class 1: Hemitergite size and shape are similar to that of the contralateral 
control 
B Class 2: The hemitergite is smaller than its control and the microchaetae are 
smaller and less dense than usual, especially in the region of the spiracle. 
C Class 3: The hemitergite has not fused with its contralateral counterpart, 
but its pigmentation is normal and some microchaetae are present. Note the 
enlargement of the following tergite [T5]. 
D Class 4: The hemitergite is absent or reduced to a narrow strip or triangle 
of lightly pigmented cuticle [arrow] which lacks bristles. 
Macrochaetae were never found in the affected hemitergite, after dorsal nest 
extirpation. Note also the enlargement [of all regions] of the adjacent tergites 
in the more severe classes 3 and 4. 
Table 2 
Effects of aD4 or pD4 extirpations on hemitergite morphology 
Class of result* 
Extirpation 	1 	2 	3 	4 
aD4 	 0 	4 	21 	9 
pd4 10 23 12 5 
*As in Figure44 
42 	- 
Sa4 
Defects in the ventral tip of the tergite were observed in 14 of the 28 flies in 
which the spiracle had been deleted. These included effects on bristle density, 
pigmentation, invaginations or holes" in the cuticle and splitting or shortening 
of the tergite [Fig. 3.5A-B]. The remaining 14 flies seemed normal apart from 
their lack of a spiracle [Fig. 3.5C], although in one case the spiracle of the 
adjacent 5th hemisegment was somewhat enlarged. [Fig. 3.501. The spiracle 
and its chamber were normal in 3 cases and present, though grossly enlarged, 
in 2 of the 33 flies which emerged. The frequency with which a spiracle is 
produced in spite of the extirpation is not significantly different from the 
frequency with which - spiracle anlage histoblasts are observed to have 
survived the operation in whole mounts of epidermis 50 hours APF [ 
"Chi-square" test x2 = 0.19, d.f. = 44, P>0.51. 
V4 and V5 
In the non-modified sternites (female 4th/5th and male 4th) the border 
between the two hemisternites is marked by a gap in the bristle pattern, 
dividing it into right and left halves. Extirpation of the left ventral nest of the 
4th or 5th segment had different effects on the left and right hemisternites. 
Bristles were either absent or reduced in number on the left side [Fig. 3.6A-C], 
while on the right, bristle number was not significantly different or was even 
slightly higher than in 'the hemisternites of unoperated flies [Table 3.31. As 
bristle spacing appeared normal, this increase in bristle number indicates an 
enlargement of the right hemisternite, similar to the enlargement of structures 
in adjacent segments observed following severe reductions in left hemisternite 
size [Fig. 3.6C]. Ventral nest extirpations had obvious effects on morphology 
as well as bristle distribution in the modified male 5th segment sternites. In 
all 14 males which survived extirpation of the 5th left ventral nest the right 
hemisternites were normal, while left hemisternites were reduced in size [Fig. 
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Fourth left hemitergites after Sa4 extirpation. A The spiracle has been deleted 
and the morphology of the surrounding tergite has been severely affected. The 
whole tergite appears split into a small ventral and a large dorso-lateral part. 
Note the slender ventral-type bristles [arrow] in the dorso-lateral part of the 
tergite where it splits from the ventral part. B Spiracle deletion is 
accompanied by the production of an abnormally short tergite and a 
corresponding expansion of the pleura [p]. Sclerotisation appears to have 
failed in an irregularily shaped patch [w] at the anterior edge of the tergite. 
C The tergite appears quite normal apart from the absence of the spiracle. 
D Enlargement of the spiracle [arrow] in the 5th left hemiterite [compare with 
that in B above]. 
Figure 3.6 
The effects of extirpation of the animal's left ventral nest on the corresponding 
hemisternite. A Male 4th segment. Relatively few bristles have been produced 
on the extirpated side of the sternite. B Female 5th segment. Bristle number 
is severely reduced on the extipated side of the sternite. C Female 4th 
segment. The hemisternite has been deleted on the extirpated side. Note the 
anteriorward expansion of the left hemisternite in the adjacent 5th segment. D 
Male 5th segment. On the extirpated side the hemisternite is small and bears 




Bristle number on right and left sides of sternites formed after extirpation of the left ventral nest 
Sternite 	 Number of bristles per hemisternite 
type 
	
Left [operated] 	Right [unoperated] 	Right [controls] 
Mean ± SD 	n 	Mean ± SD 	n 	Mean + SD 	n 
Male 4th 	31.5+8.6 	15 	105.0± 9.9 	15 	105 . 0 ± 5 . 2 	10 
Female 4th 	7.8 ± 5.0 	13 	47.7 ± •7 	13 	42.3 ± 3.3 	15 
Female 5th 	3.9 + 5.2 	12 	37.2 ± 3.0 	12 	36.1 ± 2.6 	19 
* Number of bristles higher than in corresponding control hemisternites 
(P<0.01 ;t-test). 
General conclusions from single nest extirpation experiments 
This work shows that if any one nest is extirpated before the histoblasts begin 
to spread out, its neighbours will show an early [50 hours APFI reduction in 
their rate of expansion, but subsequently grow to fill the space that histoblasts 
from the extirpated nest would normally occupy. In some cases the excess 
growth of neighbouring nests leads them to form an expanded version of the 
pattern which they normally produce. An example of such an expansion is the 
enlargement of hemitergites 3 and 5 in class 4 results after dorsal nest 
extirpationin the 4th segment. In other cases structures which the extirpated 
nest would normally produce are regenerated by adjacent nests. An example 
is the regeneration of the hemisternite normally formed by an extirpated 
ventral nest , which is most obvious in the modified 5th sternites of males 
[Fig. 3.6D]. There is, however, no evidence of regeneration of the spiracle 
following the successful removal of its anlage. 
Many results of single nest extirpation could be interpreted as either 
regeneration or expansion of patterns, as the adult structures produced ;are 
normally formed by both the extirpated nest and its neighbours. For example, 
formation of the complete hemitergite, including the acrotergite, following 
anterior dorsal nest extirpation could be due to expansion of the spiracle 
anlage or to a change in the fate of the ventral nest leading it to regenerate 
dorso-lateral tergite, as well as producing that ventral to the spiracle [see 
Chapter 21. The following series of experiments involve the removal of nests 
which, in normal development, are the sole sources of certain structures. The 
results of these multiple extirpations should establish whether structures 
besides the hemisternite and pleura can be regenerated, and where possible 
identify the regenerating nests. 
Multiple Nest Extirpations 
Regeneration of the dorso-lateral tergite 
/ In males, dorso-lateral tergite can be distinguished from ventral tergite by the 
morphology of its bristles, which are of the straight type [described in Chapter 
21. The dorso-lateral region normally derives exclusively from the two dorsal 
nests and the spiracle anlage. 
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Dorsal and spiracle anlage histoblasts EaD4pD4Sa4] 
30 males emerged after this operation, and a graded series of effects on their 
hemitergite morphology was observed. These effects were scored according 
to the 4 class scheme for scoring the results of single dorsal nest extirpations 
[Fig. 3.41. The presence or absence of straight bristles was  also noted and the 
results are shown in Table 3.4. Straight bristles were observed in 5 class 2 
[Fig. 3.7A] and in the two largest class 3 hemitergites [Fig. 3.7131. 
It is possible that the straight bristles, characteristic of dorso-lateral tergite, 
could have been produced by expansion of the contralateral dorsal nest, 
although this would seem unlikely in the two class 3 hemitergites, which were 
not fused with the contralateral hemitergite. In order to confirm that 
dorso-lateral tergite may be regenerated by nests which do not normally 
produce it, a parallel series of operations was performed in which a square of 
epidermis containing the two dorsal nests was rotated through 180 degrees 
instead of being extirpated. Rotated dorsal nests frequently produce sclerites 
in which the bristles are reversed or in a rosette arrangement. [Chapter 21, and 
which are therefore easily distinguishable from tergite produced by other 
n ts. - 
Spiracle anlage plus rotation of the dorsal nests ERaDpD4 Sa4] 
32 males emerged following this operation, and in 11 of them straight 
dorso-lateral type bristles were observed in the normally orientated part of the 
hemitergite ventral to the rotated graft [Fig. 3.7C], or to enlarged and fused 3rd 
and 5th tergites [Table 3.51. As dorso-lateral tergite in such a location could 
not have been produced by expansion of the contralateral dorsal nest it must, 
therefore, have arisen through regeneration from either the ventral nest or the 
dorsal nests of the adjacent hemisegments. 
Sources of the regenerate 
There are unfortunately no suitable segment specific pattern markers which 
might be used to distinguish regeneration by ventral histoblasts in the 
operated 4th segment from regeneration by the dorsal histoblasts of the 
adjacent 3rd and 5th segments. The dorso-lateral tergites of these segments 
differ only in the pattern of the macrochaetae, which are not differentiated in 
regenerated tergites [Fig. 3.41. 
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- - - 	Regeneration of the pleura and sternite 
- 	 Regeneration of the pleura and hemisternite, which are normally produced by 
the ventral nest of the 4th hemisegment, was observed following single 
- extirpation of this nest [Fig. 3.61. The overall shape of these regenerates 
-suggests that they are derived from the contra lateral ventral nest. To test 
this hypothesis the effects of removing both the ventral nests in a segment 
were examined. 
Left and right ventral nests in the 4th segment EV4 V4'1 
61 adults emerged following this operation and exhibited a variety of effects 
on pattern in the ventral region. Although in 6 cases it appeared that some 
sclerotisation of the mid-ventral region had occured [Fig. 3.8A], there was no 
regeneration of sternite comparable to the evident regeneration of the 
hemisternite found after extirpation of a single ventral nest. Other effects of 
the double nest extirpation included expansion of the tergites of the operated 
4th segment and of the ventra of adjacent 3rd and 5th segments 
[Figs. 3.813-C]. Regeneration of the pleura in the 4th segment was also 
observed, being distinguishable from that of expanded 3rd or 5th segments by 
the orientation of the pleural hairs [Fig. 3.80]. The frequency of each of these 
effects is recorded in Table 3.6. 
Sources of the regenerate 
The ability of histoblasts to produce sternite in a segment from which both 
ventral nests have been removed is minimal. It is therefore reasonable to 
conclude that the remaining ventral nest regenerates the contralateral 
hemisternite after the extirpation of its partner. The source of regenerated 
pleura is, however, more difficult to establish. The fact that only pleura is 
regenerated after V4,V5' operations suggests that the most likely sources of 
the regenerate are the [dorsal] histoblast nests of the operated segment. 
Expansion, and therefore presumably excess outgrowth, of the adjacent 
segments is most extensive in their mid-ventral regions [Fig. 3.8C] from which 



















-A-B Regeneration of dorso-lateral tergite following aD4pD4Sa4 extirpations. 
Note the dorso-lateral type straight bristles in the dorsalmost part of the 
hemitergite [D]. In B the expanded 3rd and 5th hemisegments have fused, 
preventing the fusion of the right and left hemitergites in the 4th segment. C 
Regeneration of the tergite following RaDpD4Sa4 operations. Note the straight 
bristles [arrowheads] in the region next to the rotated graft-produced sclerite 
[G] in which bristle orientation is reversed. D Deletion of the entire hemitérgite 
following aD4pD4Sa4 extirpation. Note the increased, size of the hemi.sternite 
[arrow] in the operated hemisegment. 
Figure 3.8 
Ventral abdomen of an adult following extirpation of both ventral nests in the 
4th segment. A Some sclerotisation Es) appears to have taken place in the 
mid-ventral region of the 4th segment which is separated from the 
hemitergites by pleural membrane [p].  B The tergites of the operated 4th 
segment have expanded ventrally to such an extent that they appear to have 
fused and no pleura can be seen separating them in the mid-ventral region. 
- Sclerotisation here appears incomplete and few bristles have 
differentiated. C The sternite is deleted but in this case the stern ites/pleu ra of 
the adjacent segments have expanded to take its place. The segmental origin 
of the pleura is indicated by hair orientation, which is disorganised and divided 
medio-laterally [arrows]. D The 4th sternite is deleted and its place taken by 
pleura which from the regular rows of anterior-posterior orientated hairs 
appears to derive from the same [4th] segment. The tergites in this segment 
have also expanded and extend further ventrally than those of the adjacent 
segments. - 
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Table 3.4 
- 	Effects of aD4pD4Sa4 extirpations on tergite morphology and [bristle] pattern 
in male flies 
Class of 	Regeneration of 	 No regeneration 
tergite- dorso-lateral tergite* 
	
0 	 0 
2 	 5 0 
3 2 	 10 
4 	 0 13 
CSee Figure 3.4 
*Tergites in which curly bristles were found in the ventral and straight bristles 
in the dorsal iregions were scored as showing regeneration of the 
dorso-lateral tergite. 
Table 3.5 
Effects of RaDpDSa operations on tergite morphology and bristle pattern in 
male flies 
Classification of bristles 	 ROtated scierite 
in the unrotated tergite Present 	Absent Unknown* 
Dorsal+Ventral 	 5 	6 	2 
Ventral only 6 5 0 
Bristles absent 	 3 	5 	0 
*patterns were deemed "unknown" when bristle polarity was entirely normal 
and the two hemitergites of the operated segment had fused. In such cases it 
is impossible to determine whether dorso-lateral tergite had been regenerated 
or produced by derotated dorsal nests. 
Table 3.6 
Effects on the ventral region of V4V4' extirpations: regeneration of the pleura 
and expansion of the tergites and adjacent segments 
Pattern 	 Pleura 	 Pleura 
expansions regenerated* not regenerated 
Adjacent segments 	 5 	 20 
Tergites 	 11 7 
Both structures 	 4 	 11 
Neither structure 3 0 
* Pleura was scored as regenerated if the membrane separating the two 
tergites of the 4th segment bore regular anterior-posterior orientated rows of 
pleural hairs across its entire width [see Fig. 3.801. 
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DISCUSSION 
Growth of surviving nests following extirpations 
None of the results of the extirpation experiments showed any evidence that 
autonomous limitations exist on the growth of individual histoblast nests. 
Nests in the neighbourhood of an extirpation show an initially reduced growth 
rate [Table 3.11 but once they reach their normal full size do not stop growing 
but continue to expand into the space left unfilled by the extirpated nests 
[Fig. 3.31. The excess growth of nests must be due to cell multiplication and 
not increases in cell size, as cell densities do not differ significantly between 
overgrown and normal sized nests in pharate adults. The deletion of any one 
pattern element invariably leads to compensatory increases in the size of 
adjacent structures and not, as in Drosoph/14 to its replacement by a white 
cuticle similar to that produced by the larval cells under conditions which 
allow them to survive the pupa-adult moult [Madhavan & Madhavan, 19841. 
Roseland [1976] suggests, however, that the apparent inability of Drosphila 
histoblasts to compensate for the ablation of neighbouring nests by extra 
growth is because they are already dividing at their maximum rate, and, in this 
fast growing species, the onset of the final moult leaves only minimal time for 
extra proliferation. An enlargement of the hemitergites adjacent to a deletion 
is observed occasionally after microcautery of 3rd instar larvae [Santamaria & 
Garcia-Bellido, 19721, and is relatively common after microcautery of embryos 
[Bownes, 19761. Growth regulation in the histoblast nests is therefore different 
from that of Drosophila imaginal discs. In the discs intrinsic controls on the 
growth of the anterior and posterior compartments limit their size even when 
the correct hormonal and nutritive conditions for growth are prolonged 
[Simpson et al, 19801. 
Pattern in overgrown nests 
Overgrown nests can either produce expanded versions of structures which 
they normally make or regenerate structures normally made by the extirpated 
nest. 
The most frequent example of expansion is an increase in the 
anterior-posterior extent of the adjacent segments, but dorsal expansions of 
the hemisternite-pleura and ventral expansions of the tergites are also seen. 
Expansion of the whole pattern and not just its peripheral elements is 
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observed. Thus not only the pleura but also the hemisternite increases in size 
when the ventral nest expands dorsally [Fig. 3.7131, and the anterior extent of 
the bristle-bearing region as well as that of the anterior margin of the 5th 
tergite is increased following 4th tergite deletion [Fig. 3.4C]. This interesting 
finding may be related to the fact that in late abdominal development dividing 
histoblasts are found in central rather than peripheral regions of the nests 
[Chapter 21. 
When structures are formed after the removal of all the nests which normally 
contribute to them, this must be due to the remaining nests regenerating 
novel pattern elements rather than simply producing expanded versions of the 
patterns which they normally make. The multiple extirpation series shows that 
histoblasts are indeed capable of such regeneration in Sarcophaga agryostoma 
Hemisternite and pleura can be found after V4 extirpation, pleura after V4V4' 
and dorso-lateral tergite after aD4pD4Sa4 extirpations. 
It seems that the hemisternite is regenerated by the contralateral ventral nest, 
since removing both ventral nests invariably deletes the whole sternite, 
whereas removing one ventral nest damages, but does not completely delete 
the corresponding hemisternite. Other regenerated structures [pleura or 
dorso-lateral tergite] could have been regenerated from either the other 
histoblast nests in the same hemisegment or from nests in the adjacent 
segments. As there are no suitable segment-specific pattern markers for 
these structures, it was not possible to identify their origins directly but 
indirect evidence suggests that, at least in the ventral abdomen, the 
regenerate derives from other histoblasts in the same segment. 
Mechanisms for regeneration/expansion of adult abdominal structures 
Extirpation and the -subsequent overgrowth of remaining histoblast nests 
brings them into contact with new regions of the larval epidermis. The close 
contacts which form between the histoblasts and those larval cells they 
replace during nest outgrowth makes it possible that positional instruction 
may be "read" by the histoblasts, in a similar way to that in which muscle 
pattern is influenced by the overlying epidermis in Tenebrio moiltor [Williams 
and Caveney, 19801. After severe irradiation of Drosophila larvae the histoblast 
nests do not develop and the persisting larval cells finally secrete a pattern of 
hairs similar to that seen in the adult. This shows that, at least under some 
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cicumstances, larval cells can carry the positional information to form an adult 
pattern [Madhavan and Madhavan, 19841. If regeneration is due to histoblasts 
being able to respond to the positional values of the larval epidermal cells 
they encounter during overgrowth, such responses must be suppressed when 
pattern expansion occurs. One possibiliy is that dividing cells in the central 
parts of the nest would have no direct contact with the larval cells 
encountered during the overgrowth of the nest and therefore would receive no 
instruction to change their fate. Larval epidermal cells might also be gradually 
losing their ability to signal positional values so that. whether they could 
induce regeneration following an extirpation would depend on how soon 
contacts with the remaining histoblasts were formed. 
Contacts between outgrowing histoblasts and the larval cells they are about to 
replace are quite transitory and may be too brief for any transfer of positional 
information to take place. A rotation or ablation of larval cells, which does not 
also affect histoblasts directly, has no corresponding effects on the polarity or 
pattern of adult structures in Drosophila, Musca or Calliphora [Roseland & 
Schneiderman, 1979 ; Roseland, 1976 ; Pearson, 19771. The regeneration 
observed in the abdominal segments of Sarcophaga may, therefore, be due to 
interactions with other histoblasts, rather than with the larval cells. Following 
extirpations, nests which are normally separated by the deleted nest[s] will 
eventually fuse. When such fusions bring together histoblasts with sufficiently 
different positional values, this may stimulate intercalary regeneration of the 
intermediate pattern elements, while the excess growth of the nests prior to 
their fusion may result in pattern expansion. Studies of regeneration in both 
the abdominal segments of hemimetabolous insects such as Oncope/tus and 
the imaginal discs of Drosophila, indicate that the positional information of 
adjacent segments is homologous [Wright & Lawrence; 1981; Campbell & 
Shelton, 1987; Wilcox & Smith, 1977; Haynie, 19821. The regeneration of 
abdominal structures in Sarcophaga could, in some cases, be due to 
intercalation between histoblasts from different segments [Fig. 3.7131. It might 
seem that the double ventral nest extirpations [V4V4'] which allow the excess 
growth and eventual fusion of more lateral nests tie, the dorsal nests and 
spiracle anlage] should not cause intercalation of more medial structures 
[pleural membrane] as the histoblasts which then confront each other normally 
form homologous regions of the bilaterally symmetrical segment pattern. 
Studies of the regeneration of mid-dorsal/mid-ventral structures in 
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Gromphadortiina and Tenebrio have, however, demonstrated that similar - 
confrontations of lateral cells can stimulate the regeneration of more medial 
structures as long as the regions confronted have opposite medial/lateral 
polarities [Shelton, 1979; French & Rowlands, 1988]. 
A third possible model of pattern regeneration is that each histoblast nest has 
an autonomous capacity to form more of the segment pattern than it is able 
to when all of its neighbours are present. Extirpations would then allow the 
remaining nests to fulfil more of their developmental capacities and regenerate 
structures normally produced by their extirpated neighbours. An analogous 
phenomenon is found in the development of the paired lateral genital discs of 
Musca When these discs are cultured individually in adult females, each will 
duplicate structures normally made by its partner [Duebendorfer 19711. 
Histoblast nests may normally limit their neighbours' development through 
competition to replace the remaining larval cells, or because their fusion 
brings together histoblasts with very similar positional values so that only a 
limited degree of growth is then required to complete pattern formation. A 
more detailed analysis of both these possibilities is made in the next chapter. 
If pattern regeneration/formation is not dependent on interactions with either 
the larval cells or with other histoblast nests , then pattern expansion must be 
due to a breakdown of the normal co-ordination of size control and pattern 
formation within nests. In some animals from which the dorsal nests had 
been removed the ventral nest only gave rise to an enlarged hemisternite and 
pleura [Fig. 3.70] although this nest normally also produces the ventral tergite 
[Chapter 21. Both expansion and regeneration occur together in other cases 1 
such as that of expansion of the tergite and regeneration of the pleura in a 
single hemisegment sometimes observed after double ventral nest extirpations 
[Fig: 3.8131, so it is possible that in animals where only expansion occurs, 
regeneration would have followed had further outgrowth of the nests been 
possible. 
CONCLUSION 
Histoblast nests respond to extirpation of their neighbours by prolonging their 
multiplicative growth to fill the vacant space. The patterns then produced are 
either expanded versions of what the nest normally makes or include 
regenerated structures, normally made by the extirpated nest." est Evidence 
favours the interpretation that nests only regenerate pattern from their 
segment of origin. Both expansion and regeneration can be accounted for by 
assuming that persisting positional cues in the larval epidermis instruct 
histoblasts on the borders of overgrowing nests. Alternatively, the nests may 
each have the developmental capacity tomake more of the segment than they 
are able to when limited by competition or positional interactions with their 
neighbours in normal development, in which case pattern expansion could be 




Interactions between histoblasts and larval cells 
I. During nest outgrowth 
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INTRODUCTION 
Unlike the imaginal disc cells, which form the rest of the adult fly, the 
histoblasts remain in close contact with the abdominal larval cells throughout 
their development. This close association suggests that the two cell types may 
interact and some of the effects of X-irradiation in Drosophila provide further 
support for this. Pulses of strong radiation damage cells so that they are 
subsequently unable to survive mitosis. Irradiation of 1st instar larvae, 
therefore, causes the eventual destruction of all imaginal primordia without so 
affecting the non-dividing larval cells. Poodry [1975a] demonstrated that 
following such irradiation larval cells of the head and thorax, which would have 
been replaced by imaginal disc cells autolyse autonomously at the normal time 
[at pupation], whereas those of the abdominal segments persist to secrete a 
cuticle after both larva-pupa and pupa-adult moults. The final pattern of hairs 
secreted by larval cells under these conditions has been shown to 
resemble that of the adult abdomen [Madhavan & Madhavan,19841. 
• These results imply that, unlike imaginal disc cells, histoblasts actively interact 
with the surrounding larval cells to induce their autolysis and, furthermore, 
that the larval cells may possess a blueprint for the adult abdominal pattern 
[Madhavan & Madhavan, 19841. It would seem therefore possible that 
position-specific cues from larval cells may influence or determine the 
eventual fate of those histoblasts which are in contact with them. 
This chapter and the next describe the results of experiments designed to test 
this possibility. Interactions between the histoblasts and the larval cells which 
surround the nests throughout larval life and during their initial multiplication 
are studied in the next chapter [5]. During their subsequent outgrowth the 
histoblasts form transient contacts with larval cells in different parts of the 
segment. The work described in this chapter investigates the possibility that 
positional cues from these cells may direct histoblast development. 
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If histoblast fate were determined by positional information in the larval cells 
they eventually replace, then the fate of a histoblast nest could be altered by 
one of two conditions: 
If a histoblast nest could be made to grow out to replace 
parts of the larval epidermis which it does not normally 
reach , this should cause the histoblasts to produce 
correspondingly novel adult structures. 
If histoblasts could be prevented from making contact with 
larval cells in a particular region of the segment, they 
should then be unable to produce the corresponding part 
of the adult segmental pattern. 
The first of these conditions may be created by extirpation of one or more of 
the histoblast nests, as the remaining nests then grow into regions of the 
larval epidermis which their extirpated neighbours would occupy in normal 
development [see Chapter 31. The first of the two series of experiments 
described in this chapter investigates the effects of grafting entire [dorsal] 
histoblast nests into ectopic [ventral] locations, where the host larval cells will 
have quite different positional values from those which they normally 
encounter. 
The second of the two conditions may be achieved by extirpation of the larval 
cells in a given region before the histoblasts grow out and make contacts with 
them. The second series of experiments looks at the effects of extirpations of 
the mid-ventral larval cells on both normal and regenerative [Chapter 31 
development of the ventral histoblasts. - 
MATERIALS AND METHODS 
Stock maintenance and the preparation of whole mounts of adult cuticle and 
pupal epidermis were as described in Chapter 2 and extirpations as in Chapter 
The mid-ventral site of the larval cell extirpation is shown in [Fig. 4.1]. For 
the homotopic grafts a square of larval integument was cut out and 
immediately replaced in the same site. For the heterotopic grafts of dorsal 
histoblasts into the ventral nest site squares cut out at the ventral nest site 
[Fig 4.11 in the host prepupae were used as tempjates for the grafts from the 
dorsal nest site [Fig 4.11 in the donor prepupae. The graft was then fitted into 
the host site where it was soon sealed in place by clotted haemolymph. 
Figure 4.1 
Graft and extirpation sites in the 4th and 5th larval hemisegments. A Lateral 
region of the 4th left hemisegment showing the pattern of depressions visible 
in a newly pupariated larva. The sites from which dorsal [D] and ventral nest 
[V] grafts were made are marked. B Ventral region of the 5th left 
hemisegment. The sites at which ventral nest [v] and ventral larval cell [my] 





The effects of transplantation on histoblast development 
1.Homotopic grafts [controls] 
Homotopic grafting of the ventral nest in the 4th left hemisegment affected 
cuticular pattern in the ventral region of this hemisegment. These effects were 
very similar to those of extirpating ventral nests: enlargement of structures in 
the adjacent segments ; minor damage to the ventral tip of the tergite ; and 
reduction of size/bristle number in the hemisternite [Fig. 4.2A-B]. One effect 
not found after extirpation was the production of small sternite-like sclerites 
fused to the ventral tip of the tergite [Fig. 4.2C] or the contralateral 
hemisternite [Fig 4.21)], which occurred in 7 of the 23 surviving adults. 
2. Heterotopic grafts 
After grafting squares of integument from the dorsal into the ventral histoblast 
nest site, 7 of the 34 adults which emerged bore a large irregularly shaped 
scierite, with a tergite-like bristle distribution [Fig. 4.31, in the mid-ventral 
region of the 4th left hemisegment. In the remaining 27 adults the effects 
were indistinguishable from those of ventral nest extirpation. Sternite-like 
sclerites of the type found after homotopic grafts of ventral nests were never 
observed. 
The effects of larval cell extirpation on histoblast development 
In Chapter 3 it was shown that normally each hemisternite is formed by the 
ventral nest of the corresponding larval hemisegment, but that when one 
ventral nest is removed [by extirpation], the remaining nest is able to 
regenerate the contralateral hemisternite. One possibility is that regeneration 
of the left hemisternite by the right ventral histoblasts is a consequence of 
instructive interactions between these histoblasts and larval cells to the left of 
the mid-ventral line, which are normally contacted and replaced by the left 
ventral histoblasts [Chapter 31. 
Following extirpation of the 5th left ventral nest plus a large square of ventral 
larval epidermis just to the left of the mid-line (Fig. 4.1), all 10 males which 
emerged bore 5th sternites consisting of a normal right hemisternite fused to 
a small left hemisternite (Fig. 4,4A). These results are indistinguishable from 
those of just extirpating the histoblast nest (see Chapter 3), so it seems that 
hemisternite regeneration does not depend on contacts between the 
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histoblasts and the ventral larval cells. The next experiment investigates 
whether interactions with these larval cells are necessary for the normal 
development of the sternite from both ventral nests. 
The extirpation of ventral epidermis in the 5th segment (Fig. 4.1) had a striking 
effect on the development of both right and left ventral nests. In 7 of the 15 
males one additional hemisternite had been formed (Fig. 4.413) while in 5 both 
right and left hemisternites had been duplicated (Fig. 4.4C). Duplicate 
hemisternites were generally smaller and bore fewer bristles than normal 
hemisternites and thus resembled the regenerated hemisternites formed after 
the extirpation of one ventral nest (see Fig. 4.4A). Examination of the pupal 
epidermis after mid-ventral extirpations revealed • an effect on ventral nest 
outgrowth similar to that of histoblast nest extirpations on the nests in their 
vicinity [Chapter 31. In 4 of the 8 pupae examined at 68 hours after puparium 
formation the left ventral nest had grown out less than those of the 
unoperated segments, and in a further 2 pupae the outgrowth of both left and 
right nests appeared to have been retarded in the 5th segment [Fig. 4.51. A 
quantitative assessment of the effect on ventral outgrowth was made by 
counting the number of larval cells still separating nests from opposite 
hemisegments at this stage. In the 5th segment this was significantly greater 
following extirpation than in unoperated control pupae, whereas no such 
difference between operated and control animals was found in the unoperated 
3rd segment [Table 4.1. 
Table 4. 
Separation of the ventral nests at 68 hours APF after ventral extirpations in 
segment 5 [mV5] and in unoperated controls 
Segment Number of larval cells separating the two nests 
After mV5 extirpation 	 Controls 
mean ± SD 	n 	Mean ± SD 	n 
3 	12.8 ± 4.9 	8 	12.6 ± 5.4 	8 
5 20.8 ± 8.3* 8 13.4 ± 5.0 8 
* P<0.05 when compared by t-test with the 5th segment in controls 
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Effects of homotopic grafts [ventral nest to ventral nest site]. 
A Female and B male. The effects are indistinguishable from those of ventral 
nest extirpation [see Chapter 31. Note the regeneration of the [left] 
hemisternite apparent from the divided bristle distribution. C In this female a 
small oval sclerite [x] has been produced in the operated [4th left] 
hemisegment, which is fused to the tip of the tergite. D In this male a 
sternite-like sclerite has been formed and is fused to the contralateral 
hemisternite. The overall effect of this resembles hemisternite regeneration 
[see B] but the separate origin of the left "hemisternite" is indicated by the 
irregular outline of the sternite, which has a right-angled kink [arrow] where 
the small graft-produced sclerite is fused to the [larger] right hemisternite. 
Figure 4.3 
Ectopic tergites formed after grafting dorsal histoblast into the ventral nest 
site. A The [hairless] anterior margin and the posterior distribution of bristles 
are both characteristic of tergite and not sternite. No regeneration of the left 
hemisternite appears to have taken place: bristle distribution is uniform rather 
than being divided into right and left halves. B Ectopic tergite. Bristles are 
straighter and less slender than those of the hemisternite to which the 
graft-produced sclerite is fused. 
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The effects of ventral larval cell extirpation on the male 5th sternite. A. 
Following extirpation of the left 5th ventral nest and of left hemisegment 
ventral larval epidermis (see Figure 4.1) one normal and one small hemisternite 
have been produced. B. Duplication of one of the hemisternites, following 
mid-ventral extirpation. Note the bilateral symmetry of the duplicated (middle] 
hemisternite. C. Duplication of both hemisternites following extirpation of the 
left mid-ventral larval epidermis. Like the sternites formed after ventral nest 
extirpation each sternite" Consists of one large and one small (regenerated) 
hemisternite. 
Figure 4.5 
Stained whole mount of pupal epidermis 68 hours after pupariation following 
the extirpation of left ventral epidermis in the 5th segment. A. The ventral 
nests [V41, V4r, V51 and V5r] are close to fusion but in the 5th segment the 
histoblasts have grown out less toward the ventral mid-line than in the 4th 
segments. Note also the irregularly shaped dark spots formed 'by clotted 
haemolymph at the healed wound site in the 5th left hemisegment. 
B. Enlargement of the 5th left hemisegment (bottom left in A) showing the 
ventral border of the histoblast nest [arrow] which has not yet reached the 
haemolvmph clots. Bars, 0.25mm 
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DISCUSSION 
Graft regulation or graft rejection? 
The interpretation of grafting experiments is made easier when graft and host 
tissue can be distinguished regardless of whether the grafted cells have 
[ectopically] formed structures typical of their origin, or have regulated their 
development and fOrmed structures normally made by the host cells they 
replace. In some insects [Musca, Oncope/tu. it is possible to mark grafts by 
using mutants with, for example; differently pigmented cuticle/epidermis 
[Bhaskaran, 1973 ; Wright & Lawrence, 1981b]. Unfortunately, no such mutants 
of Sarcophaga are available . 
As grafts could not be marked, when they did not form ectopic structures it 
was not obvious whether the grafted histoblasts had regulated or had been 
rejected. To distinguish between the two possibilities the effects of grafting 
dorsal histoblasts into the ventral nest site were compared with two types of 
control: 	 -- 	 - 
Homotopic grafts of ventral nest back into the ventral nest 
site. 
Extirpations of the ventral nest. 
Histoblast development is affected by nearby wounds [Chapter 31 but the 
effects on homotopically grafted ventral histoblasts and dorsal histoblasts 
grafted to the ventral nest site should be similar. A proportion of 
homotopically grafted ventral histoblasts will be rejected, so to identify 
patterns made by those which survived, the structures observed after 
-homotopic grafts were compared with those made after extirpations. The only 
structures exclusively produced by the grafts were small sternite-like sclerites, 
situated ventro-laterally in the operated hemisegment [Fig. 4.213 & C]. 
Dorsal-ventral heterotopic grafts either resulted in ectopic tergite [Fig. 4.31 
replacing the hemisternite, or had effects indistinguishable from those of 
ventral nest extirpation. Oval sclerites resembling those produced by 
homotopically grafted ventral nests were never observed after heterotopic 
grafts. These results imply that, while the majority of the dorsal-ventral grafts 
were rejected those few that survived produced only dorsal structures in spite 
of being placed amongst ventral larval cells. Pearson [1977] similarly found 
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- -- 	that transposed dorsal and ventral nests in Caiiphora retained their original 
developmental fate. 
- - - 
	These findings in Sarcophaga do not, however, constitute very strong evidence 
• 	against the hypothesis that histoblast fate is determined by positional cues 
from the larval cells they encounter during outgrowth. The squares of tissue 
grafted in these experiments were relatively large and therefore included much 
dorsal larval epidermis, which the grafted histoblasts would have had to 
replace cell by cell before coming into contact with host ventral larval cells. 
As the ectopic tergites were all approximately the same size as the original 
graft it is possible that the dorsal histoblasts which produced these sclerites 
may not have grown out sufficiently to cross the graft border and contact 
ventral larval cells, in which case the fact that they produced only dorsal 
structures is quite unremarkable. Secondly, grafts which had the same effects 
as extirpations may not have been rejected. Homotopically grafted ventral 
histoblasts or regulating heterotopicaily grafted dorsal histoblasts may give 
rise to pleura but fail to produce any identifiable sclerite. The overall effect 
would be indistinguishable from the effect of extirpating the ventral nest or of 
a graft being rejected. Fortunately the results of the extirpation experiments 
were less ambiguous than those of the grafts. 
Do larval cells instruct histoblast development? 
The results discussed in Chapter 3 show that histoblast nests are able to 
regenerate structures normally made by their extirpated neighbours. 
Regenerating nests may either have an autonomous capacity to produce these 
structures or may respond to positional cues from the larval cells or the other 
histoblast nests. they encounter due to the extension of their outgrowth to fill 
the space left by the extirpated nest. If histoblast fate is •determined by 
positional cues from the larval epidermis then the extirpation of larval cells on 
one side of the mid-ventral line should prevent either ventral nest from 
producing the hemisternite of that side of the segment. Such operations 
,however, had no effect on single ventral nest development [Fig. 4.4A], and 
furthermore, removal of just the mid-ventral epidermis, which left both nests 
intact, not only failed to prevent hemisternite formation, but frequently 
resulted in mirror-symmetrical duplications of the hemisternites [Fig. 4.413-C]. 
The lack of effect on hemisternite regeneration could be accounted for by 
assuming that larval cell death does not affect positional cues, or that 
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surviving larval cells become respecified, but such mechanisms cannot account 
for the formation of duplicated hemisternites. As mid-ventral extirpations do 
not appear to alter the pattern of nest fusions such [Fig. 4.5A], duplications 
cannot have resulted from intercalation between histoblast nests which do not 
normally meet. 
If each histoblast nest has an autonomous capacity to produce more of the 
segmental pattern than is possible in the limiting presence of its normal 
neighbours, mid-ventral extirpations may cause hemisternite duplications by 
diminishing the mutually inhibitory effect of the two ventral nests on each 
others' development. Significantly, the operation also delays thefusion of the 
ventral nests [Table 4.1,by causing a retardation of their outgrowth similar to 
that seen in other nests in the vicinity of wounds [Chapter 31. The retardation 
of ventral nest outgrowth need not necessarily cause a corresponding 
reduction in the rate at which pattern is formed, as in the histoblast nests 
rates of pattern formation and outgrowth can be independent of each other. 
For example, extra growth frequently results in pattern expansion rather than 
in the formation of additional pattern elements [Chapter 31. If the mechanism 
by which neighbouring nests limit each others development requires local 
interactions between their histoblasts, delaying fusion could increase the time 
available for each nest to develop [at an uninhibited rate] sufficiently for each 
to produce a complete sternite. Closer examination of the pattern in 
duplications shows that each sternite is composed of a normal [outer] 
hemisternite fused to a smaller often bristle- deficient [inner] hemisternite, and 
is therefore very similar to a regenerated sternite formed by a single ventral 
nest. 
Interactions between neighbouring histoblast nests 
The effects of mid-ventral extirpation described above, together with the 
pattern regeneration/expansion observed after histoblast nest extirpations 
[Chapter 31 suggest that competitive interactions between fusing histoblast 
nests normally limit their development and thus prevent the duplication or 
excessive enlargement of adult pattern elements. Neighbouring nests may 
compete to smooth positional disparities created by the juxtaposition of 
separately generated patterns on nest fusion, or to fill the limited space 
occupied by the remaining larval cells. In normal development both processes 
will tend to limit nest growth, as fusion brings together nests that form 
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adjacent pattern regions. Small discontinuities may be removed by a 
combination of nest alignment and intercalation while the histoblasts are still 
relatively sparsely packed. Histoblast division can occasionally be detected in 
the mid-ventral region between 67 and 75 hours APF, when ventral nest fusion 
is almost but not quite complete [Chapter 21. A certain amount of 
intercalation between nests may also be involved in completing the bilaterally 
symmetrical, duplicated patterns formed after mid-ventral extirpations - even 
when only one extra hemisternite is produced, it tends to have an abnormal 
symmetrical structure [Fig. 4.4131. Such intercalation does not, however, 
remove the larger pattern discontinuities created by grafting nests to ectopic 
sites as ectopic tergite is found next to normal hemisternite after grafting 
dorsal histoblasts into the ventral nest site [Fig. 4.31. Intercalation, by 
definition, requires growth and when histoblasts with very different positional 
values are juxtaposed competition between the histoblasts to replace the 
remaining larval cells may limit their growth before all the intermediate pattern 
elements can be intercalated. 
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CONCLUSION 
These experiments establish that pattern generation within each histoblast 
nest does not depend on positional instruction from the larval cells 
encountered during outgrowth. Nests grafted into ectopic positions in the 
larval integument still produce structures typical of their original positions, and 
larval cell extirpations do not result in the corresponding region of the adult 
pattern being deleted. Larval cell extirpations which delay the fusion of the 
ventral nests often lead to hemisternite duplication. This result is consistent 
with the hypothesis that competitive interactions between neighbouring 
histoblast nests normally limit their growth and development, thereby 
preventing the duplication or the excessive enlargement of adult pattern 
elements. 
Chapter 5 
Interactions between histoblasts and larval cells 
II. Before nest outgrowth 
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INTRODUCTION 
In the previous chapter [4] it was shown that in Sarcophaga histoblast fate is 
not determined by positional cues from the larval cells they encounter during 
nest outgrowth, but depends rather on the extent to which each nest's 
development is inhibited by its neighbours. The results of grafting and 
microcautery experiments involving larval cells in Caiiphora, Musca and 
Drosophila also suggest that interactions between histoblasts and larval cells 
during nest outgrowth do not affect the final adult pattern. [Pearson, 1977 
Roseland, 1976 ; Roseland & Schneiderman, 19791. 
There is, however, some evidence from work on Drosophila that positional 
information may be conveyed to the histobtasts from the larval cells, through 
the more prolonged connections formed between the two cell types during 
larval life [before the nests begin to grow out]. Pattern regulation following 
radiation-induced cell death in the .imaginal discs of late embryos or young 
larvae frequently leads to deletion-duplications in the •pattern of their adult 
derivatives [Postlethwaite & Schneiderman, 19731, whereas irradiation of 
histoblast nests at an equivalent stage of their development [in mature larvae] 
never produces deletion-duplications in the adult abdominal pattern [Roseland, 
19761. Such irradiation does not kill the [non-dividing] larval cells surrounding 
the histoblast nests [Ducoff, 19721, and positional instruction from these may 
therefore ensure that a complete pattern is regenerated by the surviving 
histoblasts [Roseland & Schneiderman, 19791. 
The experiments described in the following chapter set out to investigate the 
effects of interactions taking place before nest outgrowth, between histoblasts 
and larval  cells from different positions in the segment. One method of: 
bringing about such interactions is through wound healing following the 
removal of parts of the larval epidermis next to the histoblast nests. For 
example, extirpation of the larval cells in front of the anterior dorsal nest can 
juxtapose anterior histoblasts in this nest wu,th posterior larval cells in the 
preceding segment. In Drosophil4 microcautery next to the anterior dorsal 
nest in 3rd instar larvae results in deletion-duplications of the tergite pattern 
in a significant proportion of adults [Roseland & -Schneiderman, 19791. 
Experiments in this chapter demonstrate that extirpations of comparable areas 
of larval epidermis next to the dorsal and ventral histoblast nests in 
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Sarcophaga can cause deletion-duplications of the patterns of tergites and 
sternites. Alternative models of histoblast development account for such 
effects in different ways, which require different assumptions about which 
cells must be damaged to induce pattern duplications [Roseland & 
Schneiderman 1979, Madhavan & Madhavan, 19811. Extirpations of appropriate 
regions of the larval epidermis next to the anterior dorsal nest in Sarcophaga 
are used to test these assumptions and to determine whether the duplications 
are due to interactions between histoblasts and larval cells prior to nest 
outgrowth. 
MATERIALS AND METHODS 
Stock maintenance and preparation of whole mounts of adult cuticle and pupal 
epidermis were as described in Chapter 2. Extirpations were carried out by 
the method given in Chapter 3. The relative effects of different operations on 
nest outgrowth at 50 hours APF were determined by comparing camera lucida 
drawings of nest outlines. -. 
Initial experiments investigated the effects of extirpating 1mm squares of larval 
integument next to the histoblast nests [Fig. 5.1A]. Subsequent experiments 
[Fig. 5.113I compared the effects of removing narrow [0.3-0.5xlmm] strips of 
cuticle-epidermis in the region of the intersegmental fold [1SF], with those of 
operations made on the other side of the prepupa, in which either the region 
between the fold and the site of the anterior dorsal histoblast nest was 
extirpated [subSF], or the 1SF extirpation was combined with a transverse cut 
adjacent to the anterior dorsal nest site [ISF+zaD]. 
RESULTS 
Tergite and sternite duplications following extirpations at sites adjacent to the 
dorsal and ventral histoblast nests [antD4, postD4 and antV41 
Following extirpation in the 4th left hemisegment at sites anterior to the 
ventral nest, and anterior or posterior to' the anterior dorsal nest [Fig. 5.1A] a 
proportion of the flies which emerged showed reversals of polarity in the 
anterior sternite, the anterior tergite and the posterior tergite, respectively 
[Table 5.11. In 2 of the 51 flies which emerged after the antV4 extirpations 
bristle polarity was reversed along the anterior margin of the hemisternite 
[Fig. 5.2A], and hair orientation in the anterior pleural membrane of the 
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hemisegment mirrored that in the posterior [Fig. 5.2131. Bristle reversals in the 
posterior tergite following postD4 extirpations, though equally infrequent, were 
rather more extensive: about a quarter of the bristles in the affected 
hemitergite were reversed and the posterior region in which this had occurred 
was fused to the anterior margin of the following segment [Fig. 5.2C]. 
Reversed bristles were smaller than normally orientated posterior bristles, in 
the tergite and resembled anterior bristles. The overall effect was of a mirror 
symmetrical duplication of the anterior tergite replacing deleted posterior 
pattern elements, such as the intersegmental membrane. 
Reversals in the anterior tergite following antD4 extirpations were both 
frequent [20% of all adults] and extensive [Fig. 5.2131. Between one half and 
one fifth of the bristles in the hemitergite were reversed to point anteriorly. 
Bristles are normally larger the more posterior their position in the segment 
[Chapter 21 but the largest reversed bristles were those of the anterior margin. 
It appeared, therefore, that the normal anterior tergite had been deleted and 
replaced by a mirror-image duplicate of the posterior tergite. In all of these 
animals the duplicated region of the 4th tergite was fused to the posterior 
margin of the preceding [3rd] tergite with no intervening intersegmental 
membrane [Fig. 5.3131. In about 5% of the flies which emerged following the 
antD4 extirpation, bristle polarity was reversed in a central part of the 
tergite[Fig. 5.2E]. The pattern of these reversed bristles mirrored that of the 
normally orientated posterior bristles so that a duplication of the posterior 
tergite appeared to have formed within the normal tergite. 
These results establish that extirpations of the larval cells adjacent to the 
histoblast nests in Sarcophaga can cause pattern duplications, similar to those 
described in Drosophila [Roseland & Schneiderman 1979, Bownes, 19761. In 
Sarcophagà the operation which most frequently leads to such 
deletion-duplications is the antD4 extirpation. Both this extirpation and the 
microcautery, which leads to similar "double posterior" tergites being formed 
in Drosophila kill larval cells in the intersegmental region between the 3rd and 
4th segments and may also affect the anterior dorsal histoblasts in the 4th 
segment. In the following experiments less extensive extirpations are made to 
determine whether double posterior tergites are formed after ablations 
restricted to the intersegmental margin cells, or both intersegmental cells and 




Locations of the extirpations relative to the sites of larval muscle insertions, 
visible as depressions in the prepupal cuticle. A Large extirpations anterior to 
the ventral nest [antV] and either posterior or anterior to the anterior dorsal 
nest [postD, antD]. B Cuts and strip extirpations in the region between the 
dorsal histoblast nests of the 3rd and 4th segments. The more anterior of the 
extirpated strips [1SF] extends from a part of the 4th segment level with its 
spiracle anlage to the anterior edge of the antD region, while the more 
posterior strip [sublSF] covers a slightly larger area between the 
intersegmental fold and the posterior edge of the antD region. The transverse 
cut [thick line labelled zaD] next to the anterior dorsal nest runs along the 





-'- S 4 
Table 5.1 
Reversed bristle pattern in different parts of the adult segment following 
extirpations next to histoblast nests 
Operation Site of reversed bristles 
Anterior Middle Posterior Anterior 
tergite tergite tergite sternite 
antD 28/128 9/128 0 0 
postD 0 0 2/52 0 
antV 0 0 0 2/30 
Numbers refer to the proportion of emerging adults with reversed bristles in 
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Effects of extirpations next to the histoblast nests on the pattern and polarity 
of adult segments. A Double posterior ventral abdomen in the 4th left 
hemisegment formed after antV4 extirpation. Microchaetae are reversed in 
polarity along the anterior edge of the hemisternite. B Enlargement of the 
marked area in A showing the medio-lateral orientation of the pleural hairs 
anterior to the reversed microchaetae [arrow]. In control hemisegments 
anterior pleural hairs point posteriorly. The orientation of the anterior hairs in 
this hemisegment mirrors that of the posterior medio-laterally orientated hairs 
[see Chapter 21. C Double anterior tergite formed after postD4 extirpation. The 
duplicated tergite in this hemisegment is fused to the anterior margin [arrow] 
of the following segment. D Double posterior tergite formed after antD4 
extirpation. The reversed bristles are the same size as the normally orientated 
posterior bristles and rather larger than the anterior bristles in the control 
hemitergite ETcI. E. Double posterior tergite represented by a duplicated 
[reversed] region within the normal tergite. 
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Comparing the effects of intersegmental margin and anterior dorsal histoblast 
extirpations 
sublSF,ISF' 
Following extirpations of narrow [0.3-0.5 mm wide] strips in the region 
-between the dorsal histoblast nests of the 3rd and 4th segments, double 
posterior tergites, similar to those found- after the more extensive antD4 
extirpations, were formed. Extirpations just posterior to the intersegmental fold 
[sublSF4] were made on the left side of each prepupa and more anteriorly 
situated extirpations centred on the fold [ISF4] were made on the right side. 
62 adults emerged and double posterior hemitergites were found in 19 left 
EsublSF]- hemisegments. The majority of these double hemitergites differed 
from those produced after antD4 extirpations in that the intersegmental 
membrane separating them from the preceding [3rd] tergite was not deleted 
[Fig. 5.3A]. In 6 of the double posterior tergites the duplicated region was 
situated within the normal tergite of the operated hemisegment and was 
therefore not in direct contact with any part of the segment in front 
- [eg. Fig. 5.3D]. In one of these a narrow band of intersgmental membrane 
could be sen marking the anterior edge of the duplicated region [Fig. 5.3E], 
but in the other five the duplicated region was fused with the normal anterior 
tergite [Fig. 5.3C]. Double posterior hemitergites were found in only 5 right 
[1SF] hemisegments, and in one animal the ISF4 operation had lead to the 
formation of a double anterior 3rd right hemitergite [Table 5.21. 
Examination of whole mounts of pupal epidermis 50 hours after sublSF or. 1SF 
extirpations indicated that, although the healing of the larval epidermis brought 
the 4th anterior dorsal and the 3rd posterior dorsal nests on either side of the 
wounds closer together [Table 5.31, neither extirpation directly juxtaposed the 
two nests. The nests - were still separated by at least one row of larval cells in 
the majority of cases, and in the others one or both nests appeared to have 
been deleted [Fig. 5.4A-131. Both extirpations affected anterior [4th] and 
posterior (3rd] nest growth so that these were smaller or less densely packed 
with histoblasts than their controls [Fig. 5.4C]. The degree of damage inflicted 
could not be quantified directly, but sublSF extirpations tended to delete the 
4th anterior dorsal nest and 1SF extirpations to delete the 3rd posterior nest 
[Table 5.41, suggesting that damage was greater the closer the nest to the 
extirpation [see also Chapter 31. 
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Table 5.2 
Effects, on the tergite in 1SF and sub/SF operated hem/segments 
Extirpation 	Region duplicated [% of hemitergites) 
Posterior 	Posterior 	Anterior 
[+ISM] [-ISM] 
subISF 	 21.0 	 9.5 	 0 
1SF 0 8.0 1.5 
ISM-/ntersegmental membrane 
Table 5.3 
Reduction in the number of larval cells separating the dorsal histoblasts of the 




x + S.D 
	
subISF 	3.6 + 2.5 
1SF 6.7 ± 2.9 
number of larval cells 
histoblasts of 3rd and 
side 	Control si 
n x ±S.D. 
18 	10.3 + 2.7 




n x + S.D. 
18 	6.9±2.9 * 
11 3.3 ± 3.2 
* P<0.001 when differences compared by paired t-test. 
/ P<0.01 when differences compared by paired t-test. 
Table 5.4 
Frequency of anterior and posterior dorsal nest deletion following 1SF and 
sub/SF extirpations between the 3rd and 4th left hem/segments 
Extirpation 	Deleted dorsal histoblast nest 
aD4 	pD3 	Both 	Neither 
subISF4 	5 	0 	4 	18 
ISF4 0 7 -3 11 
aD4-4th anterior dorsal 




Effects of ISF4 and sublSF4 extirpations. A—B Double posterior tergites formed 
after sublSF4 [A], and antD4 [B] operations. Part of that in A is separated from 
the preceding tergite by a band of transparent [intersegmental] membrane 
[ISM]. For much of its length this flexible membrane is folded under the 
preceding tergite [arrow]. In B the intersegmental membrane has been 
completely deleted and the duplicated region is fused to the lightly pigmented 
posterior margin of the preceding tergite [T3]. C Enlargement of part of the 
duplicated region of a duplicated posterior tergite located within the normal 
tergite. Note the patches of lightly pigmented "posterior margin" cuticle 
[arrows] at its border with the normally orientated anterior tergite. 0 
Duplicated posterior tergite formed within the normal tergite of the 4th 
segment and bordered by a narrow band of intersegmental membrane. E 
Enlargement of the border of the duplicated region in D to show the ectopic 




















































Effects of 1SF and sublSF extirpations between the 3rd and 4th segments qn 
the dorsal histoblast nests at 50 hours APF. A After sublSF4 extirpation the 
anterior dorsal nest of the 4th segment has been deleted, while the posterior 
dorsal nests of the 3rd segment [p03, p041 has survived. Note the effect of 
wound healing on larval cell orientation in the intersegmental region [arrows]. 
B After ISF4 extirpation the posterior dorsal nest of the 3rd segment has been 
deleted, while the anterior dorsal nests of both 3rd and 4th segments [aD3, 
aD41 have survived. A large haemolymph clot has formed in the wounded 
intersegmental region. C After sublSF4 extirpation both the 4th anterior dorsal 
[aD41 and the 3rd posterior dorsal [pD3] nests have survived but are 
considerably smaller than normal. The anterior dorsal nest of the 3rd segment 
(aD3] is relatively unaffected by the operation. 
Bar, 0.05mm. 
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Both 1SF and sublSF operations damage intersegmental larval cells and if such 
damage were the primary cause of extirpation-induced pattern duplications, 
then the frequencies with which these two operations lead to posterior tergite 
duplication should not differ. As the frequency of double posterior tergites 
was almost 4 times greater after sublSF extirpations than in 1SF operated 
hemisegments [Table 5.21, some other factor besides intersegmental damage 
must be involved. SublSF extirpations are more likely to damage the anterior 
dorsal histoblast nests of affected hemisegments, and may also to lead to the 
damaged anterior histoblast nest being brought into direct contact with 
posterior cells in the next segment following both wound healing and the 
subsequent outgrowth of the nests. The experiments described below test 
whether the first of these effects is sufficient to cause an increase in the 
frequency of posterior duplications formed after 1SF extirpations. 
- ISF,ISF+zaD' 
After double operations in which ISF4 extirpations were made on the left sides 
and ISF4 extirpations plus cuts were made adjacent to the anterior dorsal 
histoblast nest [zaD4] on the right sides of each experimental prepupa, double 
posterior hemite.rgites were observed in a number of the adults which 
emerged [Table 5.51. There was, however, no significant difference between 
the numbers of right and left double hemitergites and the frequency with 
which such deletion-duplications were formed after ISF+zaD operations was 
much lower than that found after sublSF or antD extirpations. 
Whole mounts of the pupal epidermis 50 hours after ISF,ISFI-zaD' operations 
were examined and the sizes reached by the anterior dorsal nests in the right 
and left hemisegments compared. In 12 of the 18 pupae examined the nests 
on the right [ISF+zaD operated] sides were smaller than their counterparts on 
the left [1SF operated] sides, while in the remaining 6 pupae these nests were 
of about the same size, and of similar density. 
Table 5.5 
Comparison of the effects of ISF4 and ISF+zaD4 operations on adult pattern 
Extirpation 	 Tergite pattern 
Normal 	Double posterior 
1SF 	 44 	 4 
ISF+zaD 43 5 
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DISCUSSION 
Adult pattern duplications following localised cell death in the larval abdomen 
The duplication-deletions observed following extirpations. at sites adjacent to 
the histoblast nests in newly pupariated Sarcophaga larvae closely resemble 
those found after abdominal microcautery in Drosophila larvae and embryos 
[Roseland & Schneiderman, 1979; Bownes, 19761. In both cases a part of the 
anterior-posterior pattern of the affected hemisegment is deleted and is 
replaced by a mirror-image duplication of the remaining part of the pattern. 
In Sarcophaga duplications in the ventral abdomen affect both hemisternite 
and pleura in the hemisegment in which the extirpation was made[Fig. 5.2A-B]. 
In Drosophila sternite duplications caused by the microcautery of embryos are 
similarly associated with duplications of the pattern in the pleura [Bownes, 
19761. Duplications of anterior tergite are caused by ablations just posterior to 
the anterior dorsal histoblast nests and in both Sarcophaga and Drosophila the 
duplicated regions are always fused to the segment behind [Roseland & 
Schneiderman 1979, Bownes, 19761. Such duplications are formed rather more 
frequently after microcautery of this region in Drosophila than after its 
extirpation in Sarcophag4 but this may simply be due to differences in the 
severity or exact positioning of the ablations. 
Posterior duplications, which were the most frequently observed effect in 
Sarcophag4 are accompanied by deletion of the intersegmental membrane 
[Fig. 5.3131 when formed in response to large extirpations anterior to the 
anterior dorsal nest whereas such deletion is rare after less extensive 
extirpations [Fig. 5.3A]. Madhavan & Madhavan [1981] found that the 
duplicated posterior tergites caused by microcautery in Drosophila were 
invariably fused to the tergite in front, whereas Roseland & Schneiderman 
[1979] had originally claimed that such duplications were always separated 
from the tergite in front by an intersegmental membrane. As in Sarcophagi 
this difference may be due to slight differences in the extent of the ablations 
induced, in this instance, by slightly different techniques of microcautery. One 
variation of the duplication effect observed in Sarcophaga [but not Drosophila] 
was the formation of duplicated posterior tergite within the normal tergite of 
the affected segment [Figs. 5.2E & 5.3131. It is possible that the anterior 
tergite in such cases had been produced by the spiracle anlage or the ventral 
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histoblast nest [see Chapter 31. If so, the fact that no such effect has been 
observed in Drosophila may be because in this fly only the dorsal histoblast 
nests contribute to the tergite, and other nests do not regenerate this 
structure [Roseland & Schneiderman, 19791. 
Models of pattern duplication 
One model [Madhavan & Madhavan, 19811 put forward to account for 
abdominal pattern duplications in Drosophila proposes that anterior-posterior 
pattern formation in adult abdominal segments is regulated by a posteriorising 
diffusible morphogen produced by the larval cells between the two dorsal 
histoblast nests in each segment [see Figure 5.51. Intersegmental larval cells. 
and histoblasts of the posterior dorsal nest act as a barrier to the diffusion of 
morphogen from one segment into another, so that it accumulates in a 
posterior-anterior gradient within each segment [Fig.5.5A]. High levels of 
morphogen cause anterior dorsal nest histoblasts to differentiate structures 
typical of posterior tergite such as the pigment band and the macrochaetae, 
while posterior nest histoblasts produce the intersegmental membrane and 
maintain the barrier to diffusion between segments. Bristles differentiated 
under the influence of the morphogen point posteriorly, up the gradient of its 
concentration. 
According to this model, microcautery anterior to the anterior dorsal nest 
causes posterior tergite duplications when the intersegmental larval cells or 
posterior nest histoblasts of the segment in front are so damaged that they no 
longer present an effective barrier to morphogen diffusion and posteriorising 
morphogen from the segment in front leaks into the cauterised segment. Here 
it accumulates in a posterior-anterior gradient, which causes the anteror 
histoblasts in this region to differentiate the pattern of a reversed posterior 
tergite [Fig. 5.5131. Microcautery of the region posterior to the anterior dorsal 
nest, which cause duplications of the anterior tergite, is likely to ablate the 
morphogen-producing larval cells between the two histoblast nests. 
Destruction of the morphogen source could so reduce its concentration in the 
affected segment that the surviving anterior nest histoblasts would 
differentiate only anterior tergite [Fig. 5.5C]. Bristle and hair orientation in 
such segments could be determined by the orientation accquirred by the 
histoblsts during outgrowth, reflected in their apical profiles [see Fig. 5.5D], 
which point in opposite directions in the anterior and posterior regions of 
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normally developing segments [Madhavan & Madhavan, 19801. 
This model does not satisfactorily account for several aspects of the 
duplication effect in both Drosophila and Sarcophaga Bristle distribution in 
the anterior tergite is not homogeneous and the anteriormost region bears 
only, hairs [Madhavan & Madhavan, 19801. In duplications of the anterior 
tergite, bristleless hairy tergite is found at both anterior and posterior margins 
of duplicated hemisegments [Roseland & Schneiderman, 1979: Bownes, 19761 
so that the distribution as well as the orientation of bristles is mirrored. The 
reversed polarity of the duplicate therefore cannot be due to the anteriorward 
orientation of individual histoblasts [suggested by their apical profiles] in the 
posterior half of the hemisegment. The model would also predict that 
cauterisation or extirpation of the region containing the' intersegmental larval 
cells and posterior dorsal histoblasts, thought to prevent morphogen leakage, 
would be the operation most likely to cause posterior tergite duplication. This 
prediction was tested by investigating the effects of extirpations of different 
parts of the region between the dorsal histoblast nests of adjacent segments 
in Sarcopha,ga In Sarcophaga the anteriormost histoblasts in each segment 
[those of the spiracle anlage] lie a few larval cell diameters posterior to the 
intersegmental fold, and in Drosophila lineage studies have shown that the 
larval intersegmental boundary coincides precisely with the insertion points of 
the intersegmental muscles [Szabad et al, 19791. Therefore extirpations [1SF] 
centred at the intersegmental fold should be more likely to damage the larval 
cells forming the intersegmental boundary and the posterior dorsal histoblast 
nest than 'extirpations [sublSF] just posterior to the fold [Fig. 5.1131. In direct 
contrast to the prediction of the model, however, posterior tergite duplications 
were very much more frequent after the more posterior extirpation. 
An alternative model to account for the pattern duplications observed in 
Drosophila was given by Roseland & Schneiderman [19791 and is illustrated in 
Figure 5.6. It proposes that positional values in the larval abdominal epidermis 
form a segmentally re-iterated anterior-posterior monotonic sequence, and 
that if regions with different positional values are juxtaposed, those cells able 
to divide intercalate intermediate positional values by the shortest route 
[French et al, 19761. Thus if the disparity between the positional values of the 
juxtaposed cells is less than half the maximum possible, intercalation will fill in 
values in an anterior-posterior sequence and the normal adult pattern will be 
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•regenerated [Fig. 5.6C]. If the disparity is greater, a posterior-anterior sequence 
of intermediate values will be intercalated EFig.5.6B,D & E] and a mirror image 
duplication of part of the normal adult pattern will be formed. Cauterisations 
or extirpations which kill cells next to the histoblast nests can, through the 
process of wound healing, cause the juxtaposition of histoblasts from one 
segment with cells from the next. Differences between , positional values 
stimulate the histoblasts to intercalate and, when the difference is large, to 
form duplicated patterns. 
This model can account for several aspects of duplication in Sarcophaga and 
Droso-phil4 including the deletion of intersegmental membrane associated with 
duplication after some operations but not after others. If, as seems probable, 
intersegmental membrane is the most posterior pattern element in each 
segment [see Chapter 2], intercalation of a reversed sequence of anterior 
positional values will result in the formation of a mirror image anterior tergite 
fused to the anterior of the tergite behind, the posterior positional values that 
'specify :intersegmental membrane being absent. When posterior values are 
duplicated following the ablation of cells between the dorsal histoblasts and 
the segment in front, intersegmental membrane will be produced only when 
the posteriormost cells of this segment survive the operation and are able to 
interact with the histoblasts [Fig. 5.6D]. This could explain how Sarcophaga 
intersegmental membrane is usually found next to duplications of the posterior 
tergite formed after extirpations of the region posterior to the intersegmental 
fold [sublSF] but is deleted next to duplications formed after more anteriorly 
extending extirpations [antD, 1SF]. Extirpations of the anteriormost part of the 
region between the dorsal histoblast nests of adjacent segments [1SF] cause 
posterior tergite duplication at a much lower frequency than extirpations which 
include the more posterior parts of this region [antD, subISF]. Figure 5.6 
shows why the more anterior the positional values of the histoblasts which 
survive such extirpations, the more likely that shortest route intercalation 
between them and posterior cells in the segment in front will lead to pattern 
regeneration rather than its duplication. A similar phenomenon could account 
for the low frequency of anterior tergite and posterior sternite/pleura 
duplication observed after extirpations posterior to the anterior dorsal nest 
[postD] and anterior to the ventral nest [antV]. Positional values may be less 
closely spaced in these regions than they are in the part of the segment 
anterior to the anterior dorsal nest, in which case such extirpations would 
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create relatively small discontinuities in positional information, and therefore 
tend to stimulate regeneration rather than duplication of the adult pattern 
[Fig. 5.6E]. 
According to the intercalation model histoblasts could be responding to 
contact with either the histoblasts or the polytene larval cells in adjacent 
segments. Two arguments in favour of the latter possibility can be made on 
the basis of results in Sarcophaga 
No fusion of the anterior dorsal nest with the posterior dorsal nest of the 
preceding segment was observed 50 hours after sublSF extirpations, which 
caused posterior tergite duplications in 30 % of the surviving adults. This 
suggests that damaged anterior nests do not meet histoblasts from the 
segment in front until after the nests have begun to grow out. It should 
therefore be possible to bring about similar confrontations of these histoblasts 
by wounding the anterior dorsal histoblast nest and removing the 
intersegmental cells [which Roseland & Schneiderman [1979] suggest prevent 
interactions between histoblasts from adjacent segments] in separate 
operations [JSF+zad]. Unlike sublSF or antD extirpations such operations do 
not juxtapose the anterior histoblasts and the posterior larval cells. The rate 
of posterior duplications following ISF+zaD operations is much lower than that 
found after extirpation of the whole region [antD4] and in fact is not 
significantly different from that found after just removing the intersegmental 
cells [1SF]. This suggests that it is intercalation stimulated by the direct 
juxtaposition of histoblasts and posterior larval cells, rather than any 
post-outgrowth interaction between the histoblasts of adjacent segments, 
which causes the high rates of duplication found after extirpations of cells 
adjacent to the anterior dorsal nest [sublSF, antD]. It is, however, possible that 
the damage caused by single cuts adjacent to the anterior nest [zaD] does not 
ablate the anteriormost part of this nest as effectively as extirpations, so that 
the positional values of the histoblasts which come to meet those of the 
segment in front tends to be more posterior after the extirpations than the 
wounds [Fig-5.61. 
More substantial evidence that intercalation takes place between histoblasts 
and larval cells is provided by the effect found in Sarcophaga of posterior 
tergite duplications separated from the segment in front by a region of normal 
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anterior tergite [Figs. 5.2E & 5.3D]. During the development of such patterns 
the histoblasts which eventually form the normal tergite must have grown 
between the nests which eventually produce the duplicated region and 
posterior margin of the segment in front of it [Fig. 5.7D]. The duplication 
therefore cannot result from interactions between these two nests. 
Furthermore, intercalation to remove positional disparities created by the 
fusion of two histoblast nests should lead to a continuous adult pattern being 
differentiated. However, when duplications [formed as a result of intercalation] 
occur inside a normal tergite, the juxtaposition of the mirror image posterior 
tergite with normal anterior tergite creates a discontinuity in the adult pattern. 
In the majority of cases large [posterior] bristles were found next to small 
[anterior margin] normal bristles [eg. Fig. 5.2E] and in some flies a band of 
ectopic posterior margin cuticle or intersegmental membrane was formed next 
to the normally orientated anterior tergite [Fig. 5.3C-E]. Such duplications 
cannot therefore have formed by intercalation between the histoblasts of the 
damaged anterior dorsal nest and the fused spiracle anlage-ventral nest, which 
are able to regenerate the normal part of the hemitergite [see Chapter 31. 
Discontinuities in the adult pattern may, however, be produced following 
intercalation between histoblasts and larval cells [Fig. 5.71. Although such 
intercalation will fill in the gaps in positional information created by wound 
healing [Fig 5.713 & C], the larval cells involved will not then survive to 
differentiate adult pattern. During subsequent outgrowth the intercalated 
histoblasts may become fused to histoblasts from other nests with quite 
different positional values [Fig; 5.7D] and the discontinuity that this creates will 
ultimately be reflected in the adult pattern [Fig. 7E], as at this late stage of 
their development histoblasts are unable to remove large gaps in positional 
values by intercalation [see Chapter 41. 
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Illustration of a diffusible morphogen-based model of pattern duplication in 
abdominal segments after localised ablations, adapted from Madhavan & 
Madhavan [1981]: Anterior and posterior dorsal nest histoblasts are 
represented by triangles and by small filled circles, respectively. The larval 
segment borders are denoted by double and the adult by single lines. The 
first column depicts the larval segments and shows the extent of ablations 
anterior and posterior to the anterior dorsal nest, while the second illustrates 
the distribution of posteriorising -morphogen [dots] produced by. the larval cells 
between the two dorsal nests. The 3rd and 4th columns show the distribution 
and orientation of the anterior and posterior nest derived histoblasts in the 
adult epidermis and the cuticular pattern they eventually differentiate. 
A Normal development, in which high morphogen levels in the posterior of 
the segment cause anterior nest histoblasts to differentiate posterior tergite 
and posterior nest histoblasts produce the intersegmental membrane. 
B Duplication-deletion of the posterior tergite in segment 4 after an ablation 
of the intersegmental cells and the posterior nest of the 3rd segment allows 
morphogen to leak from segment 3 into the anterior part of segment 4. 
C Duplication-deletion of the anterior tergite after ablations which destroy the 
morphogen producing cells and those of the posterior dorsal nest. The low 
levels of morphogen enable only anterior structures to be differentiated by the 
surviving anterior nest histoblasts and as the posterior dorsal histoblasts are 
deleted, no intersegmental membrane is differentiated between the 4th and 5th 
seegments. 
D Longitudinal section of the dorsal body wall at 32 hours APF, drawn from 
Madhavan & Madhavan [1980], showing the "apical profiles" of the anterior and 
posterior border cells of adjoining segments. The larval epidermal cell [LEd 
marks the segment boundary. Note the posterior orientation of the histoblasts 
in the preceding segment [A3] and the anterior orientation of those in the 
following segment [arrows]. 
This model gives no account of how the heterogeneity in bristle density within 
the anterior tergite is regulated in either normal or duplicated tergite 
development, as the whole of this region is supposed to derive from 
histobtasts outside the graded distribution of posteriorising morphogen. 
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Illustration of an intercalation-based model of pattern duplication in abdominal 
segments after localised ablations, adapted from Roseland & Schneiderman 
[19791. 
A The normal distribution of positional values in larval and adult abdominal 
segments. Before nest outgrowth values are held by both histoblasts [dotted] 
and polytene larval cells, as shown on the left. Following outgrowth, in the 
course of which they accquire the information to form a complete segment, 
the histoblasts differentiate adult structures according to their positional value, 
as shown on the right. 
The remainder of the figure [B-E1 depicts the effects of various ablations on 
adult development. In the first column the ablated regions are mapped 
relative to the positional information and the dorsal histoblasts of the larval 
segment, in the second regenerative and duplicative routes of intercalation are 
compared and the third illustrates the adult pattern which would be produced 
by the shorter of the two routes. 
B-D The effects of ablations anterior to the anterior dorsal nest. Those in B 
and D,respectively, remove 3 and 4 positional values and cause duplications of 
the posterior tergite, while that in C, which only removes 2 values, leads 
instead to regeneration of the anterior tergite. The large ablation in B deletes 
the posteriormost positional value of the segment in front and, as this is not 
included in the duplicated sequence, no intersegmental membrane is formed 
between the duplicated tergite and the segment in front. E Ablation of a large 
region posterior to the anterior dorsal histoblast nest can cause anterior 
tergite duplications fused to the segment behind. Note that a less close 
spacing of positional values in the posterior part of the segment requires such 
an ablation to include a larger absolute area than the minimum ablation 
required to cause posterior duplications [DI. 
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Figure 5.7 
Production of duplicated region within a normal tergite after intercalation 
between the histoblasts of the wounded segment and posterior larval cells in 
the next. 
A The extent of the initial ablation of the anterior region of the anterior dorsal 
histoblast nest [dotted] and the anterior margin of the 4th abdominal segment 
[A41. B Wound healing. The damaged anterior dorsal nest [aD] is juxtaposed 
with posterior margin larval cells in the 3rd segment. C Intercalation between 
the damaged anterior dorsal histoblast nest and the posterior larval cell of the 
preceding segment. A duplicate set of posterior positional values [marked by 
asterisks] is produced. 0 Nest outgrowth. The fused spiracle anlage-ventral 
nests ESa-V41 grow between the duplicating anterior dorsal nest [aD4] and the 
posterior dorsal histoblasts of the 3rd, segment [pD3]. Note the distribution of 
positional values in each of the three groups of histoblasts. E Adult pattern 
corresponding to the distribution of positional values shown in D. Like 
observed duplications within normal tergites, the pattern predicted by this 
model juxtaposes normally non-adjacent adult pattern elements De. large 
posterior margin bristles and small anterior bristles] at the anterior border of 
the duplicated region. 
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CONCLUSION 
These results establish that extirpations adjacent to the histoblast nests in 
newly pupariated Sarcophaga can cause pattern duplications in adult 
abdominal segments, similar to those caused by microcautery of the abdomen 
in Drosophila larvae [Roseland & Schneiderman, 19791. Differences between 
the effects observed in the two species can be accounted for by differences in 
the extent of the ablations caused by extirpation in Sarcophaga and 
cauterisation in Drosophila or by a difference in - the abilities of their 
histoblasts to regenerate adult structures. Alternative models of pattern 
duplication were tested by comparing the effects of precisely defined 
extirpations in the region between the dorsal histoblast nests of adjacent 
segments. The results can only be fully accounted for by assuming that 
pattern duplications occur when the wound healing which follows such 
extirpations juxtaposes histoblasts and larval cells with very different positional 
values. Shortest-route intercalation by the histoblasts then produces a 
duplicated and reversed sequence of values, and a mirror image duplication of 
the corresponding part of the adult pattern is differentiated. 
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Chapter 6 
Effects of wounds on macrochaeta production 
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INTRODUCTION 
- Extirpations close to the dorsal histoblast nests [such as those described in 
Chapters 3 and 51 often affected the macrochaeta pattern in the operated and 
adjacent hemisegments on that side of the adult. Macrochaetae were 
- frequently deleted or were smaller than in controls, such effects being most 
common in the operated hemisegment itself, whereas in adjacent 
hemisegments macrochaetae were often more numerous than in controls. 
These effects suggest that extirpations have an indirect effect on macrochaeta 
differentiation or determination in nearby histoblast nests. 
Both the large macrochaetae and the smaller microchaetae of higher Diptera 
are innervated sense organs, the cuticular elements of which consist of a shaft 
secreted by thetrichogen cell set in a socket secreted by the tormogen cell. In 
Drosophila the difference in size may be due to macrochaetae beginning their 
differentiation earlier [Poodry, 1975b], while in Caiiphora the future 
macrochaetae develop more rapidly than the future microchaetae [Bautz, 19781. 
It is possible that one side-effect of extirpation in Sarcophaga is to delay or 
reduce the rate of bristle differentiation in adjacent histoblast nests, so that 
only small chaetae can be produced. This might explain the small size of the 
macrochaetae or their replacement by microchaetae in some hemitergites but 
could not account for the production of extra macrochaetae in others. The 
latter effect must involve a disturbance of the patterning process by which 
cells at certain positions become determined to form macrochaetae. 
The experiments described in this chapter investigate the effects of extirpating 
or wounding larval epidermis on the number of lateral macrochaetae in the 
third abdominal segment of male Sarcophaga In this segment a single large• 
macrochaeta is found on both sides of almost all unoperated males: in other 
segments the number and the size of the macrochaetae is more variable 
[Chapter 21. Variation in the number of lateral macrochaetae after wounds at 
different positions and of different severity was studied and the possiblity that 
macrochaeta number might be related to the size of the hemitergite. was 
assessed. 
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Effects of wounds on macrochaeta pattern in operated and adjacent segments. 
Affected hemisegments are shown on the left and their controls on the right. 
A Extra lateral macrochaetae in the third segment [LM3] following dorsal nest 
extirpation in the 4th segment. Note also that macrochaetae in the 4th 
segment have been deleted and those of the 5th are much smaller than in the 
corresponding control. B Extra macrochaetae in the 4th segment following 
sham extirpation in the 5th. C Following sham extirpation in the 5th left 
hemisegment the lateral macrochaetae of the 4th left hemisegment are 
reduced in size while the mid-dorsal macrochaeta has been completely 
deleted [arrow]. 
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MATERIALS AND METHODS 
Stocks of Sarcophaga were maintained at 25 C, whole mounts of adult cuticle 
were prepared as in Chapter 2 and extirpations were performed as as in 
Chapter 3. Sham extirpations were made by replacing extirpated cuticle 
immediately, rather than after rinsing it in alcohol to kill the attached 
epidermal cells, as in true extirpations. When the effects of different types of 
wound were compared, the confounding effects of individual variation in age 
or sensitivity were minimised by performing double operations as in Chapter 5. 
RESULTS 
Variation in the pattern of lateral macrochaetae after wounding 
Wounding the prepupa has a range of effects on macrochaetae differentiation 
in both the wounded segment and those adjacent to it [Fig. 6.11. A 
classification of the effects on the lateral macrochaetae in the 3rd abdominal 
segment of male flies [LM3I is described in Figure 6.2. Effects may be broadly 
divided into overproduction 102 or 031 or underproduction EU 0 or U] of the LM3 
relative to controls. When extra macrochaetae have been produced they 
usually lie in a line parallel with the posterior edge of the tergite, although 
when one is larger than the others it may have a more anterior position than 
its companions [Fig. 6.2G] In general the more macrochaetae are produced the 
smaller and the closer spaced they tend to be ,however, when 2 macrochaetae 
-are formed these are normally the same size as the single control 
macrochaeta and their spacing is extremely variable [Fig. 6.2D-E1. 
Varying wound position 
A range of effects on LM3 pattern was found following sham extirpation of 
1 mm squares at sites anterior and posterior to the 3rd segment [see Fig. 6.3 
for details of the positions] and the relative frequencies of the different 
classes of result after each wound are shown in Table 6.1. In the more 
posterior segments, P1 wounds caused underproduction, P2 wounds mostly 
caused overproduction and both Lv4 and P3 wounds had no effect in the 
majority of cases but otherwise caused overproduction. The same sequence 
of effects De. changing from underproduction to overproduction] as distance 
between the wound and the 3rd dorsal histoblast nests was increased was 
found after the Al, A2 and Lv2 wounds in the more anterior segments and 
after Ld3 and LO wounds in the 3rd segment itself. - 
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Figure 6.3 
Diagram illustrating the sites of sham extirpations of 1mm squares of cuticle 
plus epidermis, relative to muscle insertions and the 3rd dorsal histoblast 
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Figure 6.2 
Categories of wound-induced effects on LM3 pattern [left]. Control 
hemisegments are shown on the right. 
P No effect [N]: A single macrochaeta is produced on both wounded and 
control sides of the animal. Note the accompanying medium-sized bristle 
[arrow]. 
B Deletion [U0]: Both macrochaetae and accompanying medium sized bristles 
are deleted, leaving only microchaetae at the LM3 site. 
C Mild underproduction [U]: Although no macrochaetae are produced, one or 
more medium-sized bristles, similar in size to those which accompany the 
control macrochaeta, are found at the lateral site. 
D-E Overproduction t02]: Two full-sized - macrochaetae are produced. The 
examples shown illustrate the range of inter-macrochaeta distances observed 
in this category of result. 
F-G Overproduction [03]: Three or more macrochaetae are produced, some or 
all of which are somewhat smaller than the control macrochaetae although 
larger than the medium-sized bristles which accompany the control 
macrochaeta. These macrochaetae are typically closer spaced than in 01 type 




Relative frequencies of different categories of effect on LM3 production 
following wounds at various positions. 
Wound Percent of adults showing a Number 
Site class of effect on LM3 of adults 
U0 U 03 02 N 
Lv2 0 0 10 32 58 31 
A2 0 3 26 49 22 23 
Al 65 35 0 0 0 65 
Lv4 0 0 4 44 52 27 
P3 0 0 9 24 67 33 
P2 0 15 24 47 14 31 
P1 91 9 0 0 0 34 
Lv3 5 9 29 43 14 21 
Ld3 25 19 6 6 10 31 
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The effects of wounds therefore appears to vary according to their positions 
relative to the 3rd dorsal histoblast nests. One possibility is that the distance 
between a wound and the histoblasts which give rise to the macrochaetae, 
determines the severity and therefore the manner in which macrochaeta 
production is affected. This possibility was tested by comparing the severity of 
the effects produced by wounds the same distance from either the anterior or 
the posterior dorsal histoblast nest. It is not clear which of these nests is the 
source of the macrochaetae as extirpations of either nest delete. the 
macrochaetae [Chapter 31. Wounds the same distance from the 
macrochaeta-producing nest should, however, have equally severe effects, 
whereas wounds the same distance from any other nest should have different 
effects. 
According to the sequence of effects described above, underproduction is 
more severe than overproduction, which is in turn more severe than having no 
effect. The relative frequencies of these categories of effect following 
posterior and anterior wounds equidistant from-the anterior dorsal nest were 
compared in two series of double sham extirpations [Fig. 6.4A]. In neither 
series was any significant difference found between the severity of anterior 
and posterior wounds [Tables 6.2 & 6.31. In parallel series of double 
operations the effects of wounds equidistant from the posterior dorsal nest 
[Fig. 6.4131 were compared but, in this case, the anterior wounds [which were 
closer to the anterior nest] had significantly more severe effects on LM3 
production [Tables 6.4 & 6.51. 
Tables 6.2 & 6.3 
Comparison of the effects of wounds equidistant from the 3rd anterior dorsal 
nest. 
aD3+1 aD3+s 
U 0 N U 0 	N 
U 	1 0 0 U 	28 2 	1 
aD3-1 	0 4 15 5 aD3-s 	0 1 0 0 
N 	.1 3 16 N 	6 0 	0 
U, underproduction; 0, overproduction; N, no effect. 
The severity of the effects of different wounds were compared using a Sign 
test [Siegel, 19561. No significant differences were found between the effects 
of aD3+1 and aD3-1 wounds [P> 0.051, or between the effects of aD3+s and 
aD3-s wounds [P> 0.051. 
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Tables 6.4 & 6.5 
Comparison of effects of wounds equdistant from the 3rd posterior nest 
pD3+1 	 pD3+s 
U 	0 N 	 U 	0 	N 
U 	0 	0 	0 	 . 0 	3 	0 	0 
pD3-1 	0 1 4 3 pD3—s 0 32 0 0 
N 	2 	19 	9 	 N 	7 	0 	0 
U, underproduction; 0, overproduction; N, no effect. 
The severity of the effects of different wounds were compared using a Sign 
test. The effects of pD3+1 wounds are significantly more severe than those of 
pD3-I wounds [P< 0.011 and those of pD3+s wounds are significantly more 
severe than those of pD3-s wounds [P< 0.0011. 
A 	 . 	B 
aD3+I 	 1pD3+l 	I 
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Diagram illustrating the sites of paired sham extirpations. A Wounds 
equidistant from the 3rd anterior dorsal nest. B Wounds equidistant from the 
3rd posterior dorsal nest. - 
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Varying the number of cells damaged 
The results of a series of double operations comparing the effects of sham 
and true extirpations of 1mm squares of larval epidermis at site Al [Fig. 6.31 
showed that the true extirpation was significantly more likely than the sham to 
cause the deletion of the LM3 [Table 6.61. Double operations comparing the 
effects of true and sham extirpations at the more distant Lv4 site [see Fig. 6.31 
were also performed, but in this case no significant difference between the 
effects of sham and true extirpations could be detected (Table 6.71. 
Table 6.6 
Comparison of effects of sham and true extirpations at Al 
Effect of sham extirpation 
U0 U 03 02 	N 
Uo 27 4 0 0 	0 
Effect of 	U 27 30 0 0 0 
true 	03 0 0 0 0 	0 
extirpation 	02 0 0 0 0 0 
N 0 0 0 0 	0 
True extirpations were significantly more likely to cause complete 
underproduction [McNemar test of changes [Siegel, 19561; P<0.0011. 
Table 6.7 
Comparison of effects of sham and true extirpations at Lv4 
Effect of sham extirpation 
- U0 U 03 02 	N 
U0 1 0 0 0 	0 
Effect of 	U 0 1 0 0 0 
true 	03 0 0 0 3 	3 - 
extirpation 	02 0 0 2 5 0 
N 0 3 4 1 	18 
No significant difference between the effects of sham and true extirpations 
was found [McNemar test of changes ; P>0.11. 
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Combining wounds with different effects 
Sham extirpation at the Al site [Fig.3] causes underproduction while at the 
more distant P2 site [Fig. 6.31, the operation tends to cause overproduction. 
When both operations were performed together on one side of the 
prepupae,this lead to a significantly different distribution of effects from those 
found after either Al or P2 sham extirpations alone [Table 6.81. Like Al 
operations, combined A1+P2 sham extirpations lead to underproduction of the 
LM3 in the majority of cases, but a larger proportion were of the mild U-type 
and in some cases extra LM3 were produced. 
Table 6.8 
Comparison of effects of A1+P2 and Al or P2 wounds 
Wound Effect 
U0 U 03 02 N 
P2 0 5 8 16 5 
A1+P2 24 28 6 0 0 
Al 42 23 0 0 0 
Effects of P2 and A1+P2 are clearly very different. The effects of Al and 
A1+P2 were compared after combining U with 02, 03 and N classes, of which 
very few examples were found. The effects of A1+P2 operations were 
significantly less severe than those of Al wounds [x2 = 5.71, V. = 1, P<0.051. 
LM3 number and hemitergite size 
The operations described above not only affected LM3 production but also the 
final size of 3rd hemitergite. A quantitative assessment of the possible 
relationship between LM3 number and hemitergite size was made by 
comparing the expansion or reduction of the hemitergite following operations, 
which had caused over or underproduction of the LM3. Hemitergite widths 
were measured at the LM3 sites on the operated and the control sides of each 
animal and the results are shown in Table 6.9. A significant reduction in 
hemitergite width was observed after Al and P1 operations, which had led to 
the underproduction of the LM3, but A1+P2 operations which also caused 
underproduction led to a significant increase in in hemitergite width. Of the 
P2, A2, Lv2 and Lv4 operations which caused overproduction of the LM3 only 
P2 significantly increased hemitergite width, the other operations had no 
detectable effects. There is thus no obvious association between increases or 
decreases in - the number of macrochaetae and effects on hemitergite size. 
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Table 6.9 
Comparison of anterior-posterior expansion in hemitergites showing over or 
underproduction of the LM3 
Wound Effect 	Difference in affected and rnnt-rr1 t.itRlh 
Mean + S.D. 	[mm) n Paired t-test 
P1 U -0.056 ± 0.086 15 P< 0.05 
Al 	- - U -0.028 ± 0.036 23 P< 0.002 
A1+P2 U 0.052 ± 0.057 21 P<0.001 
P2 0 0.066 ± 0.052 15 P< 0.001 
A2 0 0.003 ±0.036 15 NS 
Lv2 0 0.083 ± 0.195 13 NS 
Lv4 0 0.029 ± 0.122 13 NS 
U - underproduction; 	 -- 
0 - overproduction; 
NS - No significant difference between affected hemitergite widths and their 
controls [P> 0.11. 
DISCUSSION 
Localisation of macrochaeta development 
Wounds may affect dorsal macrochaeta production without directly damaging 
the dorsal histoblast nests and induce either the differentiation of extra 
macrochaetae [overproduction] or the suppression of macrochaetae formation 
• [underproduction]. The effects of wounds made at a given position relative to 
that of the dorsal nests vary, but in general those made:, in adjacent larval 
segments tend to cause underproduction when close to the nests and 
overproduction when further from them [but close enough to have an effect]. 
The same general relationship between distance from the nests and the 
tendency to induce under or overproduction is apparent after wounds made in 
the same hemisegment as the nests although their effects are more variable 
(Table 6.11. A possible additional source of variation is that unlike wounds in 
other segments they may have mechanical effects [eg. haemolymph clots] on 
the substrate over which the histoblasts will eventually grow. 
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Comparing the effects of pairs of anterior and posterior wounds shows that if 
both are the same distance from the anterior dorsal nest they will have similar 
effects [Tables 6.2 -6.3], but if one of the pair is' closer to the nest it will tend 
- to have a more severe effect than its partner [Tables 6.4-6.51. The simplest 
- interpretation of these results is that macrochaetae are derived from the 
- anterior dorsal histoblast nest, and that the effects of wounds on the 
determination and/or differentiation of macrochaeta-forming cells therefore 
varies according to their distance from this nest. 
Macrochaetae also appear to be derived from the anterior rather than the - 
posterior nests in Drosophila UV laser microbeam ablation of up to two thirds 
of the posterior nest has no effect on the macrochaetae, but they are deleted 
following the ablation of the posterior third of the anterior dorsal nest 
[Roseland & Schneiderman, 19791. Analysis of nest outgrowth patterns also 
suggests that while the posterior dorsal nest gives rise to the intersegmental 
membrane, the entire tergite including the macrochaetae bearing region is 
produced by the anterior nest [Madhavan & Madhavan, 19801. 
Models of under and overproduction of the macrochaetae 
Both under and overproduction of the macrochaetae could result from an 
inhibition of their development if the spacing of these large bristles depended 
on their size, as is found in Drosophila sternites [Claxton, 19741. One spacing 
mechanism which might cause, such a dependence is that first proposed by 
Wigglesworth [1940], as a model for bristle spacing on the abdomen of the 
bug Rhodnius According to this model, once cells become committed to form 
bristles they begin to consume a diffusible substance which is necessary for 
the initiation of bristle determination so that surrounding [uncommitted] cells 
are prevented from becoming bristles. Earlier or faster differentiating bristles 
will not only be larger, but will also deplete bristle' initiating substance, in a 
larger region of the surrounding epidermis. so  the larger the bristle the 
greater the distance between it and its neighbours. If macrochaeta size and 
spacing in Sarcophaga tergites are co-ordinated in this way, wounds which 
delayed or retarded macrochaetae development would reduce both their size 
and their ability to suppress supernumary macrochaetae. While close wounds 
with strong effects might reduce the size of the macrochaetae to that of the 
microchaetae, more distant wounds leading to very small reductions in 
macrochaetae size, might still so reduce their ability to inhibit bristle 
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determination that extra macrochaetae could be formed. 
If the effects of wounds on macrochaeta production could be entirely 
accounted for in this way, then the greater the number of macrochaetae the 
smaller and the closer spaced they should be. When three LM3 were produced 
these were indeed smaller and closer spaced than pairs of LM3. Paired LM3 
were, however, usually the same size as single controls and the spacing 
between them varied greatly. A second prediction of the model is that, since 
wounds only differ in the amount by which they inhibit macrochaeta 
development, combinations of wounds should have additive effects. Thus true 
extirpations [at Al] cause more severe underproduction than sham 
extirpations, damaging fewer cells at the same site [Table 6.71. This suggests 
that combining such operations with other wounds at different sites should 
similarly increase the severity of the effects observed. The effects of 
combining Al and P2 wounds were,however, significantly less severe than 
those of Al alone [Table 6.81. The single operation caused severe or mild 
underproduction in all cases while the combined operation [Al+P2] was not 
only less likely to cause severe underproduction but in some cases had 
induced overproduction. Both this result and the lack of clear evidence for a 
relationship between macrochaeta number and their size or spacing after 
wounds imply that wounds do not simply inhibit the growth of the 
macrochaetae, as hypothesised above. 
The observed variation in macrochaeta number with the position and the 
severity of wounds suggests that wounds have at least one long range effect 
on macrochaeta determination, which tends to cause overproduction, but that 
other short range effect [which may be on differentiation rather than 
determination] are able to inhibit bristle production and therefore counteract or 
disguise the long range effect. Wounds have similarly complex effects on 
another aspect of histoblast development in Sarcophaga ie. nest outgrowth. 
The extirpation of one of the histoblast nests leads to the eventual overgrowth 
of its neighbours, although their initial outgrowth is inhibited [Chapter 31. No 
direct relationship between hemitergite size and the number of LM3 produced 
was apparent. Most of the operations which cause LM3 overproduction have 
no significant effect on hemitergite width and Al+P2 operations cause 
significant increases in hemitergite width while reducing the number of 
macrochaetae. Moreover, for overproduction to follow from nest overgrowth, 
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macrochaeta determination would have to occur at the relatively late stage of 
development at which overgrowth takes place. 	In Drosophila the 
macrochaetae seem to be determined at a very early stage in nest outgrowth. 
- Genetic [Garcia-Bellido, 19811 and molecular [Cabrera et al, 19871 evidence 
suggests that achaete-scute gene function is required for an early stage of 
chaeta determination but clonal analysis of tergite bristle development shows 
that macrochaeta production no longer require the wild-type function of this 
gene complex 1-4 hours after pupariation [Garcia-Bellido & Santamaria, 19781 
when the histoblast nests have only just begun to grow out. The lack of any 
comparable indication of the timing of macrochaeta determination in 
Sarcophaga makes it difficult to test possible links between the early effects of 
wounds on outgrowth and those on macrochaeta production. 
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CONCLUSION 
- 	This chapter investigates the effects of wounds on macrochaeta production in 
• 	nearby dorsal histoblast nests. Wounds close to the anterior dorsal nest 
cause a reduction in the number of macrochaetae, while those further from 
the nest tend to cause extra macrochaetae to be produced. The effect also 
depends on the number of cells damaged in making the wound, and more 
severe wounds close to the nests are more likely to cause a complete deletion 
of the macrochaetae, while severe wounds at more distant sites are more 
likely to affect macrochaeta production than less damaging operations. No 
significant relationships between macrochaeta number and their size or 
spacing, or hernitergite size could be detected. The results suggest that 
wounds do not simply inhibit macrochaeta development but have complex 
long and short range effects on their determination and/or differentiation. 
Some interaction between long and short range effects seems possible as the 






In previous chapters the effects of microsurgical manipulations on histoblast 
growth and pattern formation have been used to test a number of different 
hypotheses of the regulation of adult abdominal development in higher 
Diptera. This chapter will consider the overall implications of the results and 
to what extent they reflect mechanisms involved in normal insect 
development. Principles derived from the analysis of histoblast development 
will also be discussed with respect to models of pattern formation and growth 
control based on surgical, genetic and molecular studies of the development 
of the imaginal discs and other systems. 
Growth control in histoblast nests and imaginal discs 
The extirpation experiments described in chapters 3 and 4 demonstrated that 
histoblast proliferation and outgrowth are normally limited by external 
constraints such as competition with neighbouring nests or, as in Drosophila, 
by the onset of the final moUlt during which hormonal conditions suppress 
epidermal cell division. In the imaginal discs, which form the rest of the adult 
epidermis, proliferation is terminated autonomousIy. Studies of disc growth in 
situ and in vivo have shown that most discs stop growing when they reach 
their normal final size, even when hormonal and nutritive conditions will 
support further growth in immature, damaged or fragmented discs [Simpson et 
al, 1980; Garcia-Bellido, 19651. The only exceptions to this are the labial discs 
of Drosophila [Wildermuth, 19681 and Ca/ilphora [Schoeller-Raccaud, 19671, and 
the lateral genital discs of Musca [Duebendorfer, 19711, which grow to twice 
their normal final size when cultured in adult female abdomens. Even these 
discs show some degree of autonomous growth control: Drosophila labial 
discs duplicate after between 2 and 5 days in culture but then stop growing, 
even if transferred to fresh hosts after 7 days [Wildermuth, 19681. 
In Drosophila a number of mutants have been isolated which prevent the 
normal termination of cell proliferation in the imaginal discs, both in situ and 
when the discs are transplanted into wild type hosts. In epithelial overgrowth 
mutants, discs maintain a single-layered structure but develop additional lobes 
and folds, whereas in non-epithelial overgrowth mutants epithelial organisation 
breaks down converting the discs into tumour-like masses of tissue which are 
unable to differentiate cuticular structures [Bryant, 19871. There is no evidence 
that either of these classes of mutant cause histoblast nest overgrowth. 
Gynandromorph analysis of the non-epithelial mutant /(2)g/ reveals that mutant 
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clones differentiate normally in abdominal segments and the epithelial mutants 
1(2)gd, I(3)dco and I(2)fo which complete metamorphosis under favourable 
culture conditions, produce pharate adults with abnormal disc derivatives but 
normal sized abdomens. The histoblast nests of I(2)gd mutant larvae have 
been found to contain significantly more cells than those of wild type larvae 
[Bryant & Levinson, 19851, but no such difference is found between the nests 
of homozygotes and heterzygotes from the same cross [R. Langelan, personal 
communication]. As 1[2].gd is completely recessive in its effects on disc 
growth the difference between wild-type and mutant stocks is probably due to 
the effects of a number of different genetic and enviromental factors. Thus 
disc overgrowth mutants must either disturb a disc specific growth control 
function, or affect a process which is coupled to growth control in the discs 
but not in the histoblast nests. 
Experimental and genetic work on disc proliferation indicates that its 
regulation is closely associated with pattern formation. Overgrown labial, 
lateral genital or mutant discs differentiate duplicated or otherwise abnormal 
patterns [Simpson & Morata, 19801 and both immature and regenerating discs 
stop growing once a complete and normal-size pattern has been produced 
[see Bryant & Simpson, 1984 for review]. In prolonged culture some 
duplicating framents continue to grow after having doubled in size but such 
growth is always associated with pattern regeneration: duplicated patterns are 
less stable than complete regenerated patterns [Kirby et al, 19821. Overgrown 
histoblast nests, unlike overgrown discs give rise to structures with normal 
[unduplicated] patterns, even when these are almost twice the size of control 
structures [Chapter 31. In a recent review of work on growth control in 
Drosophila imaginal discs Bryant [1987] argues that the proximal-distal axis of 
disc pattern has a special role in limiting cell proliferation. Experiments on 
regeneration suggest that positional information in the discs is based on a 
polar co-ordinate system with the centre point of the field at the presumptive 
distal tip of the appendage and all [epithelial] overgrowth mutants studied 
have their most severe effects on distal disc derivatives, particularly on those 
of the leg discs. The structures produced by the histoblast nests have no 
obvious proximal-distal axis and are, moreover, unaffected by mutations of the 
decapentaplegic complex which, in a series of different expressivities, cause 
the degeneration of presumptive distal parts of all the major imaginal discs 
[Spencer et al, 19821. Interestingly, the derivatives of the labial disc are less 
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readily affected than those of the other discs - of the five classes described 
as forming a phenotypic series only the most extreme show any loss of 
distal proboscis elements. 
Autonomous pattern generation and morphogenetic fields in the abdomen 
Overgrown histoblast nests not only produce larger versions of the structures 
they normally give rise to, but may also regenerate structures normally formed 
by their extirpated neighbours [Chapter 31. In Chapter 4 extirpations of the 
larval epidermis which delayed the fusion of the ventral nests were similarly 
found to result in each nest regenerating the hemisternite normally formed by 
its partner. Thus the ability to generate additional pattern elements is an 
autonomous property of histoblast nests, rather than being induced by contact 
with larval cells or histoblasts from other nests. This hypothesis not only 
accounts for the regeneration of structures formed by extirpated nests 
[Chapter 31, but may also, in retrospect, explain some of the peculiar effects of 
spiracle anlage extirpations, namely the production of split or short tergites 
[Chapter 3, Fig.5]. Examination of the pupal epidermis shows that spiracle 
anlage extirpations can retard ventral and dorsal nest outgrowth in that 
segment [Chapter 3; Table 11, and may therefore delay their eventual fusion. 
Such a delay could enable the dorsal nest, which normally only produces the 
hemitergite dorsal to the spiracle [Chapter 21, to regenerate ventral tergite 
margin. The eventual juxtaposition of this regenerated margin with the ventral 
tergite produced by the ventral nest would give the appearance of a divided 
tergite. "Regenerated" tergite margins in these split tergites are situated more 
dorsally than [short of] the normal margins of adjacent tergites. It is therefore 
possible that "short tergites" arise when the dorsal nest regenerates not only 
the tergite margin but also pleural membrane, while growth and pattern 
generation in the ventral nest [which is very close to the Sa extirpation site] is 
so retarded that this nest is only able to give rise to sternite and pleura [see 
also Chapter 31 before fusing with the dorsal nest. 
Like regenerating histoblast nests, isolated labial or lateral genital discs in 
culture will each produce all the structures normally made by the pair 
together, and in doing so give rise to a mirror-image duplicate of the normal 
pattern. The duplication of distal leg segments in the epithelial overgrowth 
mutant 1(2)gd [Bryant & Schubiger, 19711, is thought to reflect an abnormal 
response to overgrowth rather than the regeneration of a bilaterally symmetric 
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Pattern and lateral genital or labial disc duplication may similarly be due to 
abnormal culture conditions which induce excessive disc growth. The lateral 
genital discs of Caiiphora have, however, also been shown to duplicate in situ 
when their fusion is prevented by the removal of one of the discs, or 
disrupted by the extirpation of the median genital disc, between the two lateral 
discs [Emmert, 19721. Thus both these discs and the histoblast nests are 
normally prevented from generating additional pattern elements by interactions 
with neighbouring primordia. Such interactions do not appear to be necessary 
to prevent the regeneration of structures in adjacent segments: no inter-disc 
regulation is observed between the lateral genital discs, which are thought to 
give rise to abdominal segment 8, and the median genital disc which gives 
rise to the fused terminal 9th, 10th and 11th segments [Emmert, 19721. The 
ventral histoblast nests similarly do not regenerate the sternites of adjacent 
segments [Chapter 31. These results therefore indicate that each abdominal 
segment represents a single, stable, bilaterally symmetrical morphogenetic 
field ie. a unit which is able to reconstitute itself [see French et al, 19761. 
Pattern regulation: interactions with other epidermal cells 
In many developmental systems the initial generation of the pattern and its 
subsequent refinement and stabilisation may involve quite different processes. 
Recent molecular genetic investigation of the localisation of segment polarity 
gene [see Chapter 11 activity in Drosophila embryos reveals that, while the 
initial segmentally re-iterated pattern of engralled and wingless expression is 
established in response to segmentation gene products such as those of fushi 
tarazu and even-skipped [Ingham et el, 19881, this distribution is subsequently 
maintained by regulatory interactions between engraileo wingless and other 
segment-polarity genes [Martinez-Arias et al, 19881. Engrailed pattern 
generation and stabilisation have, furthermore been shown to depend on 
different regulatory regions of the transcription unit [DiNardo et al, 19881. 
In the previous section it was concluded that pattern is generated 
autonomously by each histoblast nest but this does not preclude the 
possibility that pattern stabilisation or refinement depends, on or is at least 
affected by interactions with the larval cells or with histoblasts from other 
nests. The results described in Chapter 4 indicate that such interactions are 
indeed necessary to limit proliferation and pattern generation in each nest and 
to correct the alignment and remove positional disparities between the 
119 
patterns produced by adjacent nests. In Chapter 5 it was also concluded that, 
prior to nest outgrowth, histoblasts are able to respond to positional cues 
from adjacent larval cells and intercalate intermediate positional values where 
appropriate. Thus histoblasts appear to employ a similar system of positional 
information to that which regulates the pattern of embryonic and larval 
segments, and this may normally enable any loss of positional values from the 
histoblast nests during larval life to be corrected before they begin to grow 
out. 
The effects of larval cell and histoblast nest extirpations in Sarcophaga 
suggest that the larval cells are not involved in any further corrective 
regulation of histoblast development during nest outgrowth. Both pattern 
duplication [Chapter 41 and pattern expansion (Chapter 31 involve histoblasts 
producing patterns which are quite different from those produced by the larval 
epidermis they replace. Larval epidermal pattern does, however, appear to 
affect histoblast development in that experimentally induced abnormal 
segmental fusions Or deletions, in the' larva are generally reflected in abnormal 
adult segmentation or in the positioning of structures such as the sternite 
[Bownes, 1976; Pearson, 19741, but these effects may result from an initially 
abnormal orientation or location of the nests involved, or to mechanical rather 
than position-specific effects on outgrowth. The regulation of bristle and hair 
polarity observed following 1800  rotations of grafts containing one or more 
histoblast nests may also be due to effects on the development of the 
histoblast nests prior to nest outgrowth. Rotation experiments in various 
species using unmarked [Pearson, 19771, and marked [Bhaskaran, 19731 grafts 
show that histoblasts do not alwaVs maintain their rotated orientation but may 
regulate to produce an adult pattern with normal [host] polarity or with a 
centripetally distorted or a rosette arrangement of bristles [see' Chapter 23. - 
Studies of polarity regulation in the epidermis of other insects indicate that 
this is achieved largely through cell movements, which either cause the entire 
graft to derotate [Bohn, 1974 Lawrence, 1974; Nubler-Jung, 19741 or result in 
outward-facing rosette-like rearrangments within the graft that minimise 
inappropiate adhesive contacts between cells from different regions [Nardi & 
Kafatos, 19761. It is therefore possible that the effects of rotations on 
histoblast development result from larval cell movements in the rotated graft 
which also affect nest orientation or histoblast patterning or arrangement 
before the nests begin to grow out. ' 
Compartments in histoblast development: a possible molecular analysis 
All the major imaginal disc derivatives [Garcia-Bellido.etal1973;Steiner, 1976; 
Morata & Lawrence, 1979; Struhl, 19811, and the first abdominal segment 
[Kornberg, 19811 of Drosophila are divided into an anterior and a posterior 
lineage compartment. An intuitively attractive hypothesis is that, in the dorsal 
abdomen, the anterior compartment of each segment derives from the two 
anterior dorsal histoblast nests. The results of rotation experiments [see 
Chapter 2] and the effects of wounds on macrochaete production (see Chapter 
61 indicate that in Sarcophaga this nest gives rise to most of the tergite, 
including the acrotergite and the macrochaete-bearing region. Analysis of 
histoblast nest outgrowth patterns with respect to larval and adult 
intersegmental muscle insertions suggest, however, that in Drosophila the 
acrotergite is derived from the posterior dorsal nests. Recent molecular 
techniques make it possible to test these conclusions and determine whether 
they reflect a genuine difference between the two species. 
In both embryonic and imaginal segments the separation of the anterior and 
the posterior compartments requires the function of the engrailed [en] gene 
and molecular analysis further reveals that this gene is expressed in the 
posterior third of each embryonic segment and that its activity is restricted to 
the presumptive posterior compartment of the leg, wing, antenna[, haltere and 
labial imaginal discs EKornberg et al, 19851. Constructs of the en promoter 
joined to the 8-galactosidase gene of E.coll inserted into the Drosophila 
genome have recently made it possible to observe the precise pattern of en 
expression in whole mounts of adult and larval abdomens by staining for 
-galactosidase. En expression is restricted to the posterior dorsal histoblast 
nest and a posterior part of the ventral histoblast nest of each larval 
abdominal hemisegment [G. Morata, personal communication] and to a narrow 
band of posterior cells in each adult segment [Hama & Kornberg, 19881. 
Closer examination of the adult structures differentiated by en expressing cells 
should finally establish whether the acrotergite belongs to the posterior or the 
anterior compartment in Drosophila 
Antibody staining techniques are also used to detect in situ localisation of 
normal gene products. Antibodies against fusion proteins produced by 
inserting cDNA clones into expression vectors in bacteria are used as probes 
for the activity of the genes from which the clones derive. A probe has 
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recently been developed which binds to a highly conserved region of the 
Drosophila en gene and shows cross-reactivity with en-homologues in other 
species, including non-arthropods such as the glossiphbniid leech He/obde/la 
triserails [Bissen et al, 19881. If Sarcophaga also contains such a homologue 
antibody staining will establish whether this is expressed in posterior or 
anterior dorsal histoblast nests and, if the protein product of the gene persists 
in pharate adults, it should also be possible to determine the developmental 
origins of the acrotergite and intersegmental membrane in this species by the 
same method as in Drosophila [see above]. 
The use of molecular probes to investigate spatial and temporal patterns of 
gene activity could be extended to include other genes involved in abdominal 
pattern formation as suitable probes or B -galactosidase construct containing 
flies become available. The expression of a large number of segmentation and 
homeotic genes has been analysed in both wild-type and mutant embryos. 
Mutations at many of these loci also affect adult abdominal development and 
experimental studies in Drosophi/ã[Madhavan & Madhavan, 1984], and in other 
Diptera [see above] suggest that a similar system of positional information is 
used in embryonic and in adult abdominal segments although their modes of 
growth are - very different. Studies comparing the localisation of gene 
expression in developing histoblast nests with that observed during 
embryogenesis would enhance understanding of the role of embryonic 
segmentation and homeotic genes in post-embryonic development. Having 
established the normal pattern of gene expression with respect to histoblast 
and larval cell fate, the role of cell interactions in regulating this expression 
may be assessed,- . by analysing the effects of extirpations or microcautery on 
gene activity. The fates of certain histoblasts and/or larval epidermal cells are 
altered by regeneration. In Drosophil4 the results of microcautery 
experiments indicate that the posterior dorsal nest is able to regenerate the * 
anterior tergite and the anterior dorsal nest to regenerate the intersegmental 
membrane [Roseland & Schneiderman, 19791, while the effects of X-irradiation 
further suggest that the larval cells are able to regenerate an adult-type 
pattern when histoblast outgrowth is severely reduced [Madhavan & Madhavan, 
19841. The significance of any relationship •between segmentation and 
homeotic gene expression and cell fate in normal development could therefore 
be tested by relating changes in the pattern of gene activity during 
regenerative development to alterations in the fates of the cells involved. 
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Conclusion 
This chapter discusses the regulation of histoblast development and compares 
:. it with that of other systems, particularly that of the imaginal discs. Histoblast 
- - 	nests differ from discs in that their proliferation- is not autonomously regulated 
- and is also not coupled to pattern formation. This may be related to the 
apparent association between disc growth and the proximal-distal patterning 
process: histoblast derivatives lack an obvious proximal-distal axis. Individual 
histoblast nests have an autonomous capacity to generate pattern including 
that of structures normally produced by their neighbours in the same segment. 
Each abdominal segment appears to form a single morphogenetic field. 
Interactions between histoblasts from adjacent nests and between histoblasts 
and the larval epidermis act to co-ordinate pattern formation and growth in 
the nests which give rise to each segment and also to stabilise the pattern 
during larval life. There is, however, no clear evidence that such interactions 
affect histoblast development during nest outgrowth. The location of the 
anterior and posterior compartment boundaries in the adult abdominal 
segments of Drosophila and Sarcophaga is uncertain but may be confirmed by 
a molecular study of the localisation of en expression in developing and 
differentiated histoblasts. The extension of this form of molecular genetic 
analysis to include studies of the expression of other embryonic segmentation 
and homeotic genes during both normal and regenerative adult abdominal 
development should enhance understanding of the role of these genes in 
embryonic and post-embryonic pattern formation. 
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